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The present problem on the s t ructure and behaviour 
o f vascular cambium and i t s d e r i v a t i v e t i s sues - the food 
conducting (secondary phloem) and the water conducting 
(secondary xylem) pathways have been undertaken in r e l a t i o n 
t o d i f f e r e n t weather cond i t i ons of the s tudy - s i t e and age 
of the se l ec t ed t r e e s (Ficus i n f e c t o r i a and F, r e l l q i o s a ) 
f o r two consecut ive years (1980 and 1981). The f i nd ings are 
being summarised as f o l l owss 
The vascular cambium cons is ts o f fus i f o rm and ray 
i n i t i a l s and forms a continuous cy l inder between xy lon and 
phloem. The arrangement o f fus i f o rm and ray i n i t i a l s i s 
s e m i - s t r a t i f i e d or semi -s to r i ed t ype . The length of fus i f o rm 
i n i t i a l s vary from 286-439 pna in F. i n f e c t o r i a and from 272-
380 wm in F. r e l i g i o s a . In both the caseS/ the fus i f o rm 
i n i t i a l s are usual ly mul t inuc leate and possess upto 5 nuc le i 
i n one c e l l . 
The cambial make-up exh ib i t s c e r t a i n v a r i a t i o n s in 
t h e i r dimensions under d i f f e r e n t weather cond i t i ons as we l l as 
i n d i f f e r e n t age groups o f both the spec ies i n v e s t i g a t e d . In 
F. i n f e c t o r i a / the fus i f o rm i n i t i a l s are noted t o be longer in 
the younger shoots than in the o lder ones, whi le in P. r e l i -
g i o sa they are found to be longer in the stouter axes than in 
the s lender ones. 
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Changes in the s i z e of ray i n i t i a l s o f the spec ies 
i n v e s t i g a t e d do not ev ince any pa r t i cu l a r trend nor they are 
so pronounced tout they do undergo g r ea t e r m u l t i p l i c a t i o n . As 
a consequence/ the ray i n i t i a l s occupy a r e l a t i v e l y g r ea t e r 
area in the cambial c y l i nde r of the main trunks as compared to 
younger shoots. 
The wood in both the spec ies i s d i f f u s e porous with 
pores s o l i t a r y and in short r ad i a l mu l t i p l e s o f 2-4 and o f t en 
6, The rays ax~e homocel lular and vary in he ight from 1-53 
c e l l s in F, i n f e c t o r i a and from 1-60 c e l l s in F. r e l i g i o s a / 
whi l e t h e i r width vary from 1-6 and 1-7 c e l l s r e s p e c t i v e l y . 
Fol lowing the mean vesse l length from top towards base 
i t shows a gradual decrease in length (312-224 um) in F. i n f e c -
tor ia^ whi le in F, r e l i g i o s a i t shows a steady increase in 
length (266-311 wm). The ir pore s i z e r e v e a l s a gradual i n -
crease with the increas ing g i r t h u n t i l a maximum i s reached 
and then a constancy follov/s in F. i n f ec tor ia/ whi l e in F. 
r e l i g i o s a no s p e c i f i c trend o f v a r i a t i o n in liamen s i z e has been 
no t i c ed . 
Observations on the xylem f i b r e s i n d i c a t e a p o s i t i v e 
inc rease with the growing s i z e of the trunk and t h e i r average 
ranges from 899-1245 jjm in F. i n f e c t o r i a and from 1054-1292 pm 
^e l iQioss/ tout they do not show any s i g n i f i c a n t v a r i a t i on 
in r e l a t i o n to seasonal changes. The length average of vesse l 
v a r i e s from 120-450 um in F. i n f e c t o r i a and from 150-440 jam in 
r e l i g i o s a as a consequence of seasonal i n f l u e n c e . 
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The bark cons i s t s of three d i s t i n c t zones v i z . , r h y t i -
dome/ nonconducting phloem and conducting phloem. The s i e v e -
tube members possess simple s i e ve p l a t e s on th e i r t ransverse 
end wa l l s in both the spec ies . The average length of s i e v e -
tube members vary from 304-351 ;jm in F, i n f e c t o r i a and from 
279-376 AJm in P. r e l i g i o s a in d i f f e r e n t seasons. They occupy 
about 28% t ransec t i ona l area in F. i n f e c t o r i a and 31% in F. 
r e l i g i o s a . 
The length of s i eve - tube members a f t e r an i n i t i a l 
increase in l ength , decreases a b i t and then increases with the 
increase in stem circumference in both the spec ies i n v e s t i g a t e d , 
whi le a corresponding increase in the lumen s i z e o f s i eve - tube 
members i s no t i ced with the increase in g i r t h of the axes. 
The phloem f i b r e s are d i s t r i bu t ed throughout the 
secondary phloem and impart a c h a r a c t e r i s t i c look to the bark. 
They grow i n t r u s i v e l y by both ends about 3.2 and 4.1 times over 
the length of fus i f o rm i n i t i a l s in F. i n f e c t o r i a and F. r e l i g i -
osa r e s p e c t i v e l y . 
The phloem rays have been found to vary in he ight from 
1-52 c e l l s in F. i n f e c t o r i a and from 1-57 c e l l s in F. r e l i g i o s a , 
whi le t h e i r width vary from 1-5 c e l l s and 1-7 c e l l s r e s p e c t i v e l y . 
The vascular cambiiam undergo a c t i v a t i o n once in a year 
in both the i n v e s t i g a t e d spec i es . The c e l l s in the cambial zone 
undergo r ad i a l expansion in the f i r s t week of July in F, i n f e c -
t o r i a and in the f i r s t week of August in F, r e l i g i o s a . The c e l l s 
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s t a r t d i v i d ing in the th i r d week of July in F, i n f e c t o r i a and in 
the mid-August in F, r e l i g i o s a . 
The cambiTim becomes dormant during l a t e December in F. 
i n f e c t o r i a , whi le in F. r e l i g i o s a dormancy i s a t ta ined in ea r l y 
December, Thus, the cambium remains a c t i v e f o r about 6 and 4 
months r e s p e c t i v e l y . I 
Z* i n f e c t o r i a xylem production precedes that of 
phloem/ whi le in F. r e l i g i o s a , xylem and phloem formation i s 
simultaneous. The t o t a l amount of xylem produced i s measured 
about 1500-1700 ;jm in F. i n f e c t o r i a and 1900-2200 um in F. 
r e l i g i o s a in a calendar year . 
The phloem formation occurs from October t o December 
i n F, i n f e c t o r i a and in August, October and November in F, 
r e l i g i o s a . Precursor phloem formation i s a lso no t i c ed in F, 
r e l i g i o s a during March. The precursor phloem remains func-
t i o n a l f o r about 5 months in F. r e l i g i o s a and the current y e a r ' s 
phloem f o r about 7 months, whi le in F, i n f e c t o r i a , the l onge -
v i t y of phloem extends upto 9 months. The t o t a l amount of 
phloem produced i s measured about 450 Aim in F, i n f e c t o r i a and 
about 535 jam in F, r e l i g i o s a in a calendar year . 
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INTRODUCTION 
In s p i t e of the f a c t that Indian sub-continent i s one of 
the r i c h e s t in the world t r o p i c a l t r e e f l o r a , the studies on t r e e 
growth are s t i l l very meagre. Out of t h i s l a r g e number o f Indian 
t r o p i c a l t r e e s , only a few t r e e s have so f a r been explored wi th 
respec t to the behaviour of vascular cambium and the production of 
xylem and phloem. There fo re , much remains t o be known about the 
growth a c t i v i t i e s of Indian t r o p i c a l t r e e s . 
These t r e e s not only behave d i f f e r e n t l y under d i f f e r e n t 
c l i m a t i c cond i t i ons but a l so show wide v a r i a t i o n s in t h e i r growth 
a c t i v i t i e s and c e l l u l a r o rgan i za t i on with the increas ing age. The 
t r o p i c a l t r e e s in genera l e xh ib i t a continuous growth un l ike the 
temperate ones in which the growth phenomenon i s sharply rhythmic. 
A m a j o r i t y of t r o p i c a l t r e e s grow in mu l t i p l e f lushes or in an i n -
t e rm i t t en t manner due to the prolonged favourab le c l i m a t i c cond i -
t i ons which p r e v a i l in the t r o p i c a l b e l t . The impact of such pro -
longed shoot growth in a continuous or i n t e r m i t t e n t manner i s y e t 
t o be studied in d e t a i l on the r a d i a l growth a c t i v i t y of these 
t r o p i c a l forms. Since the behaviour o f cambiiom i s r egu la ted by a 
number of ex terna l and in t e rna l f a c t o r s , inc luding the he r ed i t a r y 
c o n s t i t u t i o n , p h y s i o l o g i c a l phenomenon and environmental cond i t i ons 
of the hab i t a t s , i t i s i n t e r e s t i n g t o i n v e s t i g a t e the i n f l u ence of 
d i f f e r e n t phys ica l and c l ima t i c f a c t o r s on the development of 
cambium and i t s d e r i v a t i v e t i s sues . 
A survey of l i t e r a t u r e on Indian Moraceae members, r e v e a l s 
tha t no work has been done on the anatomical aspects of vascular 
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cambium. However, a l o t of work has been done on the wood s t ruc -
ture by Tippo (1938); Mennega and Borg (1977),? and on the bark anatomy 
of t h i s f ami ly by Roth and Mar i tza (1969),; Hebant and Fay (l980)^ Keep-
ing in view the above, the present problem on the s t ructure and 
behaviour of vascular cambium and i t s d e r i v a t i v e t i s sues of c e r t a in 
Moraceae members has been undertaken in r e l a t i o n t o var ious seasonal 
cond i t i ons of the study s i t e and age of the t r e e . The study mainly 
comprises of the f o l l o w i n g aspects: 
1. Formation of vascular cambium and i t s d e r i v a t i v e s i . e . phloem 
and xylem . 
2. Ontogenetic changes in the s t ructure of cambium and i t s 
d e r i v a t i v e s , 
3. Seasonal changes in the s t ructure of cambium and i t s d e r i v a t i v e s . 
4. P e r i o d i c i t y of cambiiom and the production of i t s d e r i v a t i v e s . 
The f o l l ow ing two members of Moraceae - the Mulberry f ami l y , 
have been se l ec t ed at random f o r d e t a i l i n v e s t i g a t i o n s : 
^ icus i n f e c t o r i a Roxb. ( v e r . P i l khan ) : 
A medium-sized or l a r g e deciduous t r e e s with oblong ovate 
or broadly ovate , acuminate l eaves ; f r u i t s s e s s i l e , in p a i r s , 
g lobose , 0.5 inch in diameter, b lack when r i p e . 
The t r e e i s found on the outer h i l l s of the sub-Himalayan 
t r a c t , ascending to 5000f t , from Punjab eastwards t o Assam, Bengal 
and Centra l and Southern Ind ia . I t i s ep iphy t i c when young and 
d e s t r u c t i v e to f o r e s t t r e e s . 
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The t r e e y i e l d s a l a t e x conta in ing 0.7% caoutchouc. The 
wood i s s o f t and spongy and i s used as f u e l or f o r charcoa l . The 
bark y i e l d s a rough cordage f i b r e . The decoct ion of bark i s used 
as a wash f o r u l ce rs and as i n j e c t i o n in leucorrhoea. The^young 
shoots are eaten as c u r r i e s . 
2. Ficus r e l i g i o s a Linn. (Ver. P e epa l ) : 
A l a r g e deciduous tree^ ep iphyt i c when young^ with spreading 
branches and rotund or broadly ovate , caudate/ more or l e s s pendu-
lous l eaves , f r u i t s s e s s i l e in a x i l l a r y p a i r s , depressed g lobose . 
The t r e e i s found w i l d or c u l t i v a t e throughout Ind ia and i s held 
sacred by Hindus and Buddhists. 
The t r e e y i e l d s a l a t e x conta ining 0.7-5.1% caoutchouc. The 
l a t e x may be used f o r sea l ing small ho les in motor car t y r e s . Har-
dened l a t e x i s used by art i f ice^^s as a sea l ing wax t o f i l l up c a v i -
t i e s in hol low ornaments. 
The bark contains 4% tannin and i s a s t r i ng en t . An in fus ion 
of i t i s used f o r u l c e r s and skin d i seases . An aqueous ex t r ac t of 
the bark shows a n t i - b a c t e r i a l a c t i v i t y aga inst Staphylococcus aureus 
and Escherechia c o l i . Leaves and tender shoots are used as purga-
t i v e and in skin d i seases . The f r u i t i s l a x a t i v e and the seeds are 




A l i ga rh d i s t r i c t i s l oca ted in the northwest of Ut tar 
Pradesh in a f e r t i l e a g r i cu l tu ra l area of the Ganga-Yamuna Doab 
betvreen 27°29'N and 28®11'N l a t i t u d e and 77°29'E and 78°38'E l o n g i -
tude . - ^ I t i s surrounded by the r i v e r Ganga on _^the_ nor theast and by 
Yamuna on the northwest. The maximum breadth in eastwest d i r e c t i o n 
between Ganga and Yamuna near the northern border i s about 70 mi l es 
and the maximum length from north to south i s about 45 m i l e s . 
Phys iograph ica l l y the area cons i s t s of a vas t a l l u v i a l p la in 
having a g en t l e s lope from north to south and towards southeast . The 
h ighes t po in t on the sur face i s about 640' above the sea l e v e l in 
the northv/est of the d i s t r i c t whi le on the southern border the 
e l e v a t i o n i s about 622 ' . The whole d i s t r i c t presents an almost 
l e v e l l e d appearance and i s remarkably homogenous in charac t e r . I t 
forms a par t of the Ganga p l a in v/hich i s a depression between the 
Himalayas in the north and the Deccan Plataeu in the south. I t has 
been f i l l e d with alluvi\im brought down by the Himalayan r i v e r s . 
A l i ga rh d i s t r i c t exper iences the t r o p i c a l monsoon type of 
c l imate with i t s c h a r a c t e r i s t i c seasonal rhythm marked by the north-
east and southwest monsoons. The year i s d i v ided i n t o four seasons 
recogn ised by the Indian Mateoro log i ca l department, v i z . , w inter , 
summer, ra iny season and the season of r e t r e a t i n g south-west monsoon. 
Winter ; 
By the end of October, the southwest monsoon complete ly 
ceases and by the end of November, the d i s t r i c t comes under the g r i p 
o f a high pressure b e l t which develops over north Ind i a ov/ing to low 
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temperatures. In th i s season r e l a t i v e l y low pressure e x i s t s over 
the Indian Ocean and causes the winds t o blow from the land towards 
the sea, OThe beginning of winter weather i s marked by a cons idera-
b l e f a l l in temperature. The mean monthly temperature-during 1981-
f a l l s from 18.8°C in November t o 14.9°C in December. The temperei-
ture shows a fu r the r f a l l in January when the average comes down t o 
14.4°C (Table l ) . The d iurnal range of temperature during the 
winter months makes the n ights cons iderab ly c o l d , whi l e the days 
remain r e l a t i v e l y warm. The p r e v a i l i n g d i r e c t i o n of winds during 
the season i s from west and northwest t o eas t and southeast . The 
winds during the season are very l i g h t and gene ra l l y blow at an 
average speed of two mi l es per hour. These winds are of con t inenta l 
o r i g i n and are mostly dry . Except f o r the small amount o f ra in 
brought by the co ld weather storms/ the season i s l a r g e l y r a i n l e s s . 
The sky f o r the most par t remains c l e a r . Hailstorms a l so sometimes 
accompany the co ld weather storms and may cause g rea t i n j u r y t o the 
f l o w e r i n g of the p lan ts . 
VJith these except ions the weather during the c o l d season i s 
p leasant but i t does not l a s t l ong . Although in February there i s 
l i t t l e change in weather except f o r an increase in temperature/ y e t 
by the end of th i s month/ with the northward movement o f the Sun/ 
temperature rap id l y r i s e s and the hot weather begins (Tab le l ) . 
Summer; 
The summer season begins in March and continues t i l l October. 
I t s beginning i s marked by an apprec iab le r i s e in temperature and 
... 6 
Table 1 
Mean monthly temperature in degree cen t i g rade during 1980 
and 1981 
Months 1980 1981 
January 13.8 14.4 
February 17.2 17.0 
March 22.6 20.5 
A p r i l 30.5 28.3 
May 34.4 32.1 
June 32.1 34.0 
July 29.4 29.5 
August 29.8 29.9 
September 29.5 30.0 
October 27.2 25.6 
November 20.2 18.8 
December 15.5 14.9 
(27) 
decrease in pressure. The mean monthly temperature during 1981 in 
March i s 20.5°C. The temperature cont inues t o r i s e in A p r i l and 
reaches upto 28.3®C. The months of May and June record excep t i on-
a l l y high temperatures (Table l ) . The days are charac t e r i z ed by 
in tense heat as the day temperature records as high as 42,8°C, The 
a i r i s qu i t e dry and the humidity f a l l s as low as 24.4% (Table 3 ) . 
In the summer months hot dry winds of g r ea t v e l o c i t y are of 
r egu lar occurrence. The v e l o c i t y of these winds begins t o increase 
s t e a d i l y from March when the average wind speed i s about 3.5 mi les 
per hour. The monthly average/ however, does not g i v e a c o r r e c t 
idea of the v e l o c i t y and speed of these winds as they are l i a b l e t o 
g r ea t v a r i a t i o n s during the 24 hours. For instance , the wind i s 
usua l ly calm during the n ight but from 8 a.m. t o 1 or 2 p.m. i t 
increases r ap id l y and during the next two or three hours i t blows 
almost with the f o r c e of g a l e , a f t e r which i t f a l l s down again 
r ap id l y u n t i l 6 p.m. when i t i s l i g h t and near ly calm. These winds 
are l o c a l l y known as "Luh". They become extremely dry and hot and 
blow with increas ing f o r c e t i l l the approach of the r a ins . The 
humidity i s lowest occas i ona l l y f a l l i n g t o 24.4% and the temperature 
average r i s e s as high as 34.4°G (Tables 3 and l ) . 
A pecu l i a r phenomenon of the summer season i s the occurrence 
o f dust and thunderstorms which are caused by the convec t i v e currents 
They usua l l y occur in the afternoon when the a i r movement i s s t rong-
e s t . The ir frequency and strength increases with the advance o f the 
season. These dust-storms are r a r e l y accompanied by ra ins and des-
p i t e the b l ind ing dust they are welcome in the a f ternoons and eve-
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nings because of an apprec iable decrease in temperature. The -air 
becomes coo l and prov ides temporary r e l i e f from the t i r i n g heat of 
the day. 
There i s - g e n e r a l l y no-ra in dur ing- the ea r l y summer months 
except f o r the small amount accompanied by thunder^^stoms. This 
too i s sporadic/ s h o r t - l i v e d and h i gh l y v a r i a b l e (Table 2 ) , 
On account of the excess i ve heat of the summer months a low 
pressure area develops in northwestern Ind ia and by the middle of 
June i t b r ings a complete r e v e r sa l in the a i r movement. With the 
a r r i v a l of humid oceanic currents , temperature f a l l s and the a i r 
becomes coo l and p l eas ing . The mean monthly temperature during 
1981/ f a l l s from 34°C in June to 29.5®C in July (Table l ) . The 
mean r e l a t i v e humidity during 1981/ increases from 34.2% in A p r i l 
t o 82.1% in July (Table 3 ) . The sky i s g ene ra l l y o v e r - cas t in the 
ra iny season, the average c loud-cover being seven-tenth in July 
whi le i t r a r e l y exceeds two-tenth during the summer months. 
Rainy Season: 
The t ime of the onset and r e t r e a t of the monsoon v a r i e s from 
year t o y ea r . The ra ins g ene ra l l y s e t in by the middle of June and 
continue t i l l the end of September during 1981 (Table 2 ) . During 
these months A l i ga rh r e c e i v e s near ly 84% of the t o t a l annual r a i n -
f a l l . 
The monthly d i s t r i b u t i o n of r a i n f a l l throughout the season 
i s not uniform. Usual ly the r a i n f a l l s t a r t s by the middle of June/ 
increases in July and decreases by August and September. During 
... 22 
Table 23 
Mean monthly ra in f a l l in mm during 1980 and, 1981 
Months 1980 1981 
January - 19.2 
February 6.6 18.5 
March 17.3 9.6 
A p r i l .6 
May - 28 
June 72.6 120.6 
July 322.7 179.2 
August 141.4 81.8 
September 96.9 106.2 
October 21.4 
November - 19.2 
December 22 .6 
(27) 
1981, the months of June r e c e i v e s an average r a i n f a l l of 120.6 nam 
and in July i t amounts 179,2 mm. By August/ there i s a marked 
decrease in r a i n f a l l when the average comes t o 81.8 mm and in 
September i t increases again and amounts 106,2 mm. 
Season of r e t r e a t i n g southwest monsoon: 
The withdrawal of southwest monsoon takes p lace usua l l y by 
the t h i r d week of September. Ra in less i n t e r v a l s become longer and 
the r e t r e a t of monsoon takes p lace by a s e r i e s of i n t e r m i t t e n t ra ins 
and dry weather. With the recess ion in the monsoon there i s a 
remarkable f a l l in p r e c i p i t a t i o n . The weather during t h i s pe r i od 
is# charac te r i z ed by c l e a r sky and low humidity. The average r a in -
f a l l in October 1981/ i s n i l . The r e l a t i v e humidity in t h i s month 
comes down t o 58,8% (Table 3 ) . As the sky c l e a r s and Sun shines the 
day temperature s l i g h t l y r i s e s and due t o the dryness of the a i r 
there i s a s l i g h t decrease in n ight temperatures. By the end of 
October the humid currents of the southwest monsoon are rep laced by 
the dry cont inenta l winds. By and large/ t h i s i s a pe r i od o f 
t r a n s i t i o n from wet t o dry weather. Usual ly t h i s phase continues 
t i l l the end of November when the whole area comes under the i n f l u -
ence of a high pressure b e l t which deve lops over the whole North 
Ind ia due to low temperature. 
S o i l ; 
The s o i l of the d i s t r i c t i s a l ka l ine and i t i s d i v i s i b l e i n t o 
two broad g e o l o g i c a l sub-d iv i s ions i . e . / o ld and new a l l u v i a l . These 
s o i l s d i f f e r cons iderably in t h e i r t ex ture and consistence/ ranging 
... 24 
Table 25 
Mean monthly r e l a t i v e hximidity in percentage during 1980 
and 1981 
Months 1980 1981 
January 60„9 67,0 
February 55„9 66,7 
March 51o9 59.6 
A p r i l 27.5 34.2 
May 24.4 40.3 
June 55.4 39.7 
July 82.8 82.1 
August 78.0 73.5 
September 70.2 64c8 
October 58.6 58.8 
November 85.2 76.6 
December 72.7 73.6 
(9) 
from sands through loams and s i l t t o heavy c l a y that are i l l -
drained and sometimes charged with i n j u r i o u s s a l t s known as 'Reh' 
The drainage in t h i s t r a c t i s poor and in the monsoon 
months/ i t s u f f e r s from wa te r - l o gg ing . The s o i l i s s t i cky and 
g ene ra l l y c l ayey or c layey loam in t e x tu r e . Clay content i s 
maximum at the top but decreases with depth. I t i s grey* ash 
grey or dark grey in co lour , tending t o become black when mois t . 
The poor drainage r e su l t s in the depos i t i on of so lub le sodium 
s a l t s on the sur face in the form of ' R eh ' , During the pe r i od of 
drought these t r a c t g i v e the s i t e of a white s a l t s i n f e s t e d land. 
. . .10 
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(10) 
Se l e c t i on and C o l l e c t i o n : 
To study the canibial a c t i v i t y and production of secondary 
phloem/ 24 normal t r e e s of both the spec ies , of about 60 years age* 
were s e l e c t ed from the l o c a l p l an ta t i on . Cambial samples in the 
form of 2 cm square s i z e , were c o l l e c t e d toge ther with the bark 
and some sapwood with the help of a c h i s e l and hammer. A l l samples 
were exc ised from the southern s ide of the main trunks/ at approxi -
mately 1.5 meters from the ground l e v e l / in morning hours between 
6-8 A.M. at f o r t n i g h t l y i n t e r v a l s f o r a pe r i od of two consecut ive 
calendar years (1980/ 1981). Two t r e e s were used on each turn and 
no samples were c o l l e c t e d from the same t r e e b e f o r e three months. 
Care was taken t o c o l l e c t the samples at l e a s t 10 inches, away from 
the wounded spots, when the t r e e was used f o r the second or t h i r d 
t ime. 
To study the ontogenet ic changes in cambium and i t s d e r i -
v a t i v e s f i v e t r e e s of 30 years o ld age of comparable s i z e and 
v igour were se l ec t ed f o r each spec i es . E ight and n ine samples of 
bark wi th i n t a c t wood were c o l l e c t e d as descr ibed above/ at d i f f e r -
ent he i gh t l e v e l s from the base out of each i n d i v i d u a l . These 
c o l l e c t i o n s were made only once during the study pe r i od that i s in 
June 1981. 
F i xa t i on and p rese rva t i on : 
A l l the samples were f i x e d on the spot in f o r m a l i n - a c e t i c -
a l coho l and/ l a t e r , asp i ra ted in the labora tory by the method 
p resc r ibed by Johansen (1940) t o remove the air/ f i l l e d in the 
...11 
(11) 
t issues/ in order t o f a c i l i t a t e the easy penet ra t ion of the f i x i n g 
f l u i d i n t o the deep l y ing t i s sues . A f t e r a week, a l l samples were 
t r ans f e r r ed t o 70% ethanol f o r p r e s e r va t i on . 
To study the gross s t ructure of the d i f f e r e n t organs and t o 
f o l l o w the seasonal and developmental changes in s t ruc ture , the 
mate r i a l s were sect ioned on a R e i c h e r t ' s s l i d i n g microtome/ at a 
thickness of 10-12 ;um in t ransverse , te ingential l ong i tud ina l and 
r a d i a l l ong i tud ina l p lanes . The sec t i ons were sta ined in d i f f e r e n t 
combinations of s ta ins and mounted in Canada balsam a f t e r dehydra-
t i n g in the ethanol s e r i e s . 
Sta ins used; 
Fo l lowing s ta ins were used alone and in combination depend-
ing upon the purpose of the study! 
(A) For the study of bark and wood; 
( i ) Heidenhains Haematoxylin - Safranin (Johansen 
1940). 
( i i ) Heidenhains Haematoxylin - Bismark brown (Johansen 
1940). 
( i i i ) Sa f ran in -Crys ta l vo i l e t -Orange G (Johansen 1940). 
( i v ) Tannic a c id -Fe r r i c chlor ide-Lacmoid (Cheadle ^ a l . / 
1953). 
(B) For the study of cambixim; 
( i ) Heidenhains Haematoxylin. 
( i i ) Tannic ac id -Fe r r i c c h l o r i d e (Foster 1934). 
In addi t ion to the above, 2% aqueous i od ine f o r starch 
(Sass 1958) and 1% Astra blue f o r macerated s i e ve elements were 




To study the morphological d e t a i l s of the i nd i v i dua l 
elements of bark and wood, p i e ces of them were macerated using 
su i ta i> le reagents . 
For the maceration of s i e v e elements* s c l e r e i d s and 
phloem parenchyma/ bark mate r i a l s were cut i n t o thin t angen t i a l 
s l i c e s of ,5 to 1 mm th ickness . These s l i c e s v/ere t r e a t ed with 
5% NaOH so lut ion at 45 - 50®C. The treatment vjas continued t i l l 
the c e l l s of the s l i c e s became s u f f i c i e n t l y loose to a l l ow the 
separat ion of ind i v idua l elements on a s l i d e v/ith a s l i g h t 
pressure when appl ied over the cover s l i p a f t e r mounting in 5% 
g l y c e r i n (Ghouse _et , 1974). When the des i red stage had been 
reached, the s l i c e s were washed and sta ined in Astra b lue (1% 
Aqueous s o l u t i o n ) . In case of phloem f i b r e s and s c l e r e i d s the 
mate r i a l was t r ea ted with sa f ran in . 
To study the morphological d e t a i l s of v esse l s and f i b r e s , 
the wood p i eces vrere t r e a t e d with concentrated HNO^ and Potassium 
ch l o r a t e , f o l l ow ing the method descr ibed by Johansen,(1940). The 
p a r t i a l l y macerated s l i c e s were s ta ined in haematoxylin sa f ran in 
and in bismark brown, and a f t e r dehydration in ethanol , they were 
mounted in Canada balsam. The d i f f e r e n t elements vjere separated 
by mechanical means using a pa i r of needles b e f o r e mounting or 
applying pressure over the cover s l i p a f t e r mounting. 
For starch de tec t i on 
To study the seasonal f l u c tua t i ons in the starch content 
of cambial c e l l s and i t s d e r i v a t i v e t i s sues (phloem and xylem) 
... 12 
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f r e s h mate r i a l s were used. They v/ere sect ioned on a s l i d i n g 
raicrotome at the thickness of 20 - 25 in t ransverse , tangen-
t i a l and r a d i a l l ong i tud ina l p lanes . The sec t ions were t r ea t ed 
with 2% aqueous potassium i od ide so lu t i on . 
Measurements; 
The s i z e of the d i f f e r e n t elements was measured under 
s p e c i f i c magn i f i ca t i ons of the microscope/ using a micrometer 
s ca l e . 
Quant i t a t i v e est imat ion of the t i s s u e ; 
The propor t i ona l d i s t r i b u t i o n of d i f f e r e n t types of 
elements in t ransec t ions and t angen t i a l l ong i tud ina l sec t ions was 
determined on the bas i s of the area occupied by the r e s p e c t i v e 
elements. This was ca l cu la t ed by the method descr ibed by Ghouse 
and I qba l (1975). The f i r s t was based on the weight of paper 
cu t t i ng s of drawings of d i f f e r e n t elements made with the a id of 
camera luc ida on t rac ing papers. The por t i ons bear ing the draw-
ings of the des i red elements were f i r s t removed and weighed. The 
po r t i ons containing the f i g u r e s of the other elements were weighed. 
The r a t i o of one type of element with respec t to others in an un i t 
area was then ca l cu la t ed . 
. . . 23 
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(14) 
Structure o f Cambivim: 
In both the i n v e s t i g a t e d spec ies the vascular cambixom 
forros a continuous c y l i nde r between the xylem and phloem in the 
t r e e trunk. I t i s e s s e n t i a l l y composed o f v e r t i c a l l y e longated , 
sp ind l e shaped elements with short taper ing end wa l l s - the 
f u s i f o rm i n i t i a l s and r a d i a l l y a l i gned , almost i sod iamet r i c or 
rec tangular elements -^ the ray i n i t i a l s . The ray i n i t i a l s are 
usua l l y grouped toge ther g i v i n g r i s e t o the rays of vary ing 
he i gh t and width, which t r a v e r s e r a d i a l l y . The v e r t i c a l c y l i nde r 
i s made up o f the compactly p laced , v e r t i c a l l y arranged fus i f o rm 
i n i t i a l s with short taper ing end w a l l s , over lapping each other t o 
var ious degrees in both the i n v e s t i g a t e d spec i es . The arrange-
ment o f the d i f f e r e n t components of vascular cambium thus l eads 
t o the formation of s e m i - s t r a t i f i e d or semi -s to r i ed s t ruc ture in 
both the i n v e s t i g a t e d spec ies ( P l a t e s I - V ) , 
The wa l l s of the fus i f o rm i n i t i a l s e xh ib i t primary p i t -
f i e l d s having d i s t i n c t plasmodesmata connections with the 
contiguous elements, p a r t i c u l a r l y with the ray i n i t i a l s . The 
r a d i a l wa l l s of fus i f o rm i n i t i a l s are s l i g h t l y th i cker than the 
t angen t i a l wa l l s and looks prominently beaded during dormancy 
( P l a t e s I I I & I V ) . 
Measurements o f fus i f o rm i n i t i a l s in t angent i a l s ec t i ons 
have r e v ea l ed that t h e i r length v a r i e s from 286-439 ;am in F, 
i n f e c t o r i a and from 272-380 ;am in r e l i q i o s a and he igh t of 
the taper ing ends has been measured from 19-68 ;jin and 17-49 ;um 
1 
(15) 
in both the spec ies r e s p e c t i v e l y (Table 4 ) , The average l ength 
of fus i f o rm i n i t i a l s i s no t i ced to be 356 >im in F. i n f e c t o r i a 
and 330 ;um in F. r e l i q i o s a . The average width of fus i f o rm 
i n i t i a l s i s found to vary from 20-34 /am in F. i n f e c t o r i a and 
19-32 pm in F. r e l i g i o s a (Table 4 ) , Thus, F. i n f e c t o r i a i s 
found to have the l onges t and widest fus i f o rm i n i t i a l s as 
compared t o P. r e l i g i o s a . 
An apprec iable extent of width and he ight v a r i a t i ons i s 
recorded in the ray i n i t i a l s of both the i n v e s t i g a t e d spec ies 
( P l a t e s I I - B , I I I - A , C ) . The width o f cambial rays va r i e s from 
1-7 c e l l s whereas the he ight v a r i e s from 1-72 c e l l s in the 
i n v e s t i g a t e d spec ies . (Table 4 ) . The s i z e of ray i n i t i a l s a lso 
v a r i e s in both the spec i es . The a n t i c l i n a l and p e r i c l i n a l 
diameter of these i n i t i a l s ranges from 13/15-34/43 pm in F. 
i n f e c t o r i a and 12/14-31/41 pm in F. r e l i g i o s a (Table 4 ) . 
The rays of d i f f e r e n t he ight are c l a s s i f i e d f o r the sake 
o f convenience as short (upto 300 j^m) / medium (301-600 ^im) and t a l l 
(601 pm onv;ards). The rays of d i f f e r e n t he i gh t are found in 
d i f f e r e n t proport ion in both the spec ies i n v e s t i g a t e d . Medium 
rays occur more f r equen t l y , whi le the t a l l rays are l e s s 
dominant in F. i n f e c t o r i a as we l l as in F. r e l i g i o s a ( F i g . 1 ) . 
Likev/ise, the width of rays a lso v a r i e s in both the spec ies 
i n v e s t i g a t e d . The m u l t i s e r i a t e rays are predominent in F, 
r e l i g i o s a and cons t i tu t e about 66% of the t o t a l nximber of rays 
in a un i t area, whi le in F, i n f e c t o r i a i t numbers about 53% in 
a s imi la r count, T r i s e r i a t e rays are l e s s f requent in F. 
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I n f e c t o r i a and cons t i tu t e about 13% of the t o t a l count/ whi le 
r e l i q i o s a , i t c ons t i tu t e about 16%. B i s e r i a t e and 
u n i s e r i a t e rays c ons t i t u t e about 18% and 16% in F, i n f e c t o r i a , 
whi l e in F. r e l i g i o s a about 10% and 8% r e s p e c t i v e l y ( F i g , 2 ) . 
The r a t i o of ray and fus i f o rm i n i t i a l s in the cambial c y l i nde r 
d i f f e r s in both the i n v e s t i g a t e d spec i es . In E. i n f e c t o r i a , the 
ray i n i t i a l s c ons t i t u t e about 29% of the cambial zone and about 
36% in F. r e l i g i o s a (F i g . 3 ) . 
The ray i n i t i a l s are g ene ra l l y impregnated with vary ing 
amounts of tanni fe rous substances and starch, whi l e the fus i f o rm 
i n i t i a l s usua l ly possess l a r g e vacuo les . In the p resen t l y 
i n v e s t i g a t e d spec ies , the fus i f o rm i n i t i a l s usua l ly possess more 
than one nucleus per c e l l . The nuclear number goes up as high 
as 5 in one c e l l . Although the number o f nuc le i -vary from 1-5 
in F, i n f e c t o r i a but the ma j o r i t y of the fus i f o rm i n i t i a l s have 
1-2 nuc le i per c e l l . Almost s im i l a r r e s u l t s are obtained in the 
case of F. r e l i g i o s a ( F i g . 4 ) . 
Under normal cond i t i ons , the nuc le i are spher i ca l but 
during degenerat ion a few undergo nec ros i s , whi l e the m a j o r i t y 
acquire abnormal shape and structure ( F i g . 5 ) . The degenerat ion 
process i ? almost same in both the i n v e s t i g a t e d spec i es . During 
t h i s process , the nuclear contents degenerate f i r s t , a few even 
lacked a d i s t i n c t nuclear membrane and severa l o thers show 
var ious signs of degenerat ion. Degenerating nuc le i f i r s t 
acquired a sp indle shape and then form long t a i l l i k e bodies at 
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o f nuclear membrane g i v i n g a nec ro t i c shape to the nuclear 
bod i e s . The degeneration/ usua l l y s t a r t s from the t a i l e d ends 
and f i n a l l y i t leads t o the disappearance of the nuclear bodies 
from the c e l l s ( P l a t e s VI - V I I ) . 
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Ontogenet ic a l t e r a t i o n s in the cambial make-up: 
The development of the vascular cambium s t a r t s at the 
basa l in ternode in the growing shoots and proceeds towards the 
apex. T h e " d i f f e r e n t i a t i o n of cambial i n i t i a l s occurs at 
d i f f e r e n t l o c i in the f a s c i c u l a r r eg ions and l a t e r extends 
l a t e r a l l y t o form a r ing of cambium. In t ransverse sec t i ons of 
the young shootS/ the cambial zone cons i s t s of 3-6 l a y e r s of 
c e l l s in P. i n f e c t o r i a and 3-8 l a y e r s in F. r e l i q i o s a wh i l e the 
niimber of c e l l l a ye r s in the cambial zone of adult t r e e s vary 
from 7-12/ and 6-12 r e s p e c t i v e l y . 
The va r i a t i ons in the cambial make-up that occur with 
the growing s i z e of the t r e e axis* as the t r e e ages* have been 
f o l l o w e d in d i f f e r e n t age group t r e e s . I t has been found that 
the cambial i n i t i a l s , e s p e c i a l l y the fus i f o rm ones undergo 
cons iderab l e s i z e v a r i a t i o n with the growing g i r t h of the ax i s . 
In general/ they are found longer i n s touter axes than in the 
s lender ones. But/ in F. i n f e c t o r i a / the fus i f o rm i n i t i a l s are 
noted to be longer in the younger par ts of the ax is ( P l a t e I-A/D) 
than in o lde r ones ( P l a t e I -B/C) . Advancing from the apex o f the 
t r e e downwards/ the fusifoirm i n i t i a l length decreases with the 
inc reas ing ax is g i r t h and then a f t e r a s l i g h t increase/ i t ran 
almost constant in the mature trunk reg i on , a l b e i t with some 
minor f l u c tua t i ons (Table 5 ) , However/ in F. r e l i g i o s a / there 
i s a p o s i t i v e increase in the length of fus i f o rm i n i t i a l s with 
the inc rease in the g i r t h of the ax is and a f t e r a t t a in ing a 
maxim\am l i m i t i t ge t s s t a b i l i z e d (Table 6 ) , The r a t e of increase 
... 18 
Table 5 
Changes In the c e l l s i z e of the fus i f o rm i n i t i a l s 
(as observed in t angen t i a l s ec t i ons ) along the t r e e 
ax is of varying age in Ficus i n f e c t o r i a . F i g u r e s 
wi th in parentheses i n d i c a t e the range . 
Circumference Mean* s i z e in >im 
of the ax is — 
in cmo Length Width Tapering ends 
363 22 33 
20 (255-420) ( l 5 -30 ) (15-75) 
361 24 36 
27 (260-435) (15-34) (18-63) 
360 25 40 
45 (306-450) (18-34) (21-60) 
336 27 30 
78 (270-405) (22-30) (15-45) 
345 26 32 
102 (255-405) (18-34) (18-55) 
348 25 37 
135 (315-435) (18-30) (15-75) 
348 27 35 
160 (295-405) (15-34) (18-60) 
340 28 34 
212 (255-435) (22-37) (15-67) 
* Based on 500 readings. 
Table 6 
Changes in the c e l l s i z e of the fus i fo rm i n i t i a l s (as observed 
in tangent ia l sec t ions ) along the t r e e ax is of varying age in 
Ficus r e l i q i o s a . F i g u r e s within parentheses ind i ca t e the range. 
Circumference 
of the axis 
in cm. Length 
Mean* s i z e in ;am 
































































* Based on 500 readings. 
(20) 
happens to be high in young shoots and low in o lde r ones. I t 
appears there fore^ that the a b i l i t y of newly formed i n i t i a l s to 
e longate in s i z e depends on the age of the meristem. The 
younger i s the cambixim, g r ea t e r i s the a b i l i t y of the i n i t i a l s 
t o e longate and converse ly , the o lde r i s the cambium/ the l e s s e r 
i s the a b i l i t y of the i n i t i a l s to undergo expansion. Consequently, 
the r a t e of increase in length average of the fus i f o rm i n i t i a l s 
slows down as the cambixom ge t s oldo 
S im i l a r l y comparative ana lys i s of the data obtained on 
the width of the fus i f o rm i n i t i a l s has r evea l ed that they do not 
e x h i b i t .'any s i g n i f i c a n t and cogn i zab le v a r i a t i o n with the 
inc rease in the c i rcumference of the cambial c y l inde r (Tables 5 
St 6)0 Measurements of the taper ing ends of the fus i f o rm i n i t i a l s 
a lso do not show any s i g n i f i c a n t increase in s i z e with the growing 
c i rcumference of the steifn ax is (Tables 5 & 6 ) . 
Changes in the s i z e of ray i n i t i a l s of the i n v e s t i g a t e d 
spec ies do not ev ince any p a r t i c u l a r trend nor they are so 
pronounced. Their a n t i c l i n a l and p e r i c l i n a l diameters averaged 
t o be 17-22 ^^ and 22--26 >im r e s p e c t i v e l y in F, i n f e c t o r i a and 
18-22 ;am and 23-26 A^m r e s p e c t i v e l y in Fo r e l i g i o s a along the 
ax is o f the t r e e (Table 7) but they do undergo g r ea t e r m u l t i p l i -
ca t i on ( F i g , 6 & 7 ) . As a consequence of the above changes in 
the make-up of cambium, the ray i n i t i a l s occupy a r e l a t i v e l y 
g r e a t e r area in the cambial c y l i nde r in the main trunks as 
compared to younger shoots (Figo 8 ) , 
...11 
Table 7 
Var ia t i ons in the c e l l s i z e of ray i n i t i a l s (as observed in 
t angen t i a l s ec t i ons ) along the t r e e ax is of vary ing g i r t h . F igures 
w i th in parentheses i nd i ca t e the range. 
Mean* diameter in ;arn — 
F, i n f e c t o r i a F, r e l i q i o s a Circumference 
o f the ax is 
i n cm. A n t i c l i n a l P e r i c l i n a l A n t i c l i n a l P e r i c l i n a l 
19 23 18 25 
20 (11-26) (13-31) (10-26) (13-33) 
18 23 18 24 
27 (10-25) (11-29) (11-25) (13-31) 
17 22 19 25 
45 (10-23) (13-29) (13-26) (13-43) 
22 26 21 23 
78 (13-33) (16-46) (13-29) (13-33) 
22 25 20 25 
102 (13-30) (15-36) (10-30) (10-33) 
21 26 22 26 
135 (13-29) (16-40) (16-35) (16-40) 
22 24 21 26 
180 (15-33) (15-33) (13-30) (16-33) 
20 25 21 25 
212 (15-26) (20-36) (13-33) (15-36) 
22 25 
262 - - (16-35) (18-39) 
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(20) 
With the growing g i r t h of the axis/ the cambial 
c y l i n d e r a lso expands by adding more c e l l s . Nevertheless/ 
t h e i r niimber increases t o an apprec iab le extent/ i n o lde r axes/ 
mainly through the m u l t i p l i c a t i o n o f the e x i s t i n g i n i t i a l s . The 
fus i f o rm i n i t i a l s undergo pseudotransverse d i v i s i o n s and g i v e 
r i s e t o s i s t e r i n i t i a l s ( P l a t e s I -D ; I I -A/B; I I I -B/D; IV-C/D). 
S imi la r l y/ the ray i n i t i a l s a lso d i v i d e and g i v e r i s e to new 
ray i n i t i a l s ( P l a t e s I -A/ C/ D; I I - C ; ,IV, - A ,B ;V-C ) . A l l t h i s 
happens in order to cope with the expansion of the ax i s . The 
new ray i n i t i a l s are a lso produced by the conversion of fus i f o rm 
i n i t i a l s i n t o ray i n i t i a l s by the t ransverse segmentation of the 
fus i f o rm c e l l s or by the formation of new i n i t i a l s as terminal 
or l a t e r a l segments ( P l a t e s I -A/ C/ D; I I — ,C ; IV-A, B jV-C ) . 
The ray i n i t i a l s are g e n e r a l l y found in aggregates 
forming v e r t i c a l l y l i n e a r or fus i f o rm bodies - the rays which 
vary in he ight and width. Occasional ly/ fus ion of two or more 
t o 
v e r t i c a l l y or l a t e r a l l y a l i gned rays g i v e r i s e / e x c e p t i o n a l l y 
t a l l or wide rays ( P l a t e s I - A ; 11-A, B; I I I - C ; V - D ) , This i s 
brought about by the conversion o f the in te rven ing fus i f o rm 
i n i t i a l s i n t o a group of ray i n i t i a l s / which forms the b r i dge 
between the two already e x i s t i ng groups of ray i n i t i a l s ( P l a t e s 
I - C ; IV -B ) . The newly produced rays having a l i m i t e d he i gh t in 
the beginning grow in t o t a l l s t ruc tures by the d i v i s i o n s of the 
e x i s t i n g i n i t i a l s . At times the fus i f o rm i n i t i a l s are found to 
in t rude i n t o a panel of ray i n i t i a l s / r e s u l t i n g in the d i v i s i o n 
of a broad or t a l l ray in t o a number of smaller e n t i t i e s ( P l a t e s 
I I I - A ; I V - B ; V - A / B ) . 
. . .21 
(21) 
Consequent upon a l l developmental changes which 
take p lace as an accommodaticn measure to meet the Increas ing 
c i rcumference of the c en t ra l cfore of t r e e ax i s , the correspond-
ing volume of the two types of cambial i n i t i a l s a lso have t o 
undergo changes accordinglyo Thus, in young shoots, the f u s i -
form i n i t i a l s occupy about IT/? of. the t o t a l t angen t i a l area o f 
the cambial c y l i nde r in F„ j_nf ec tor ia/ 78% in Fo r e l i g i o s a , 
whi l e in the main trunk, the propor t ion of fus i f o rm i n i t i a l s 
sliimped to 69% and 67% r e s p e c t i v e l y ( F i g . 8 ) . 
...11 
(22) 
Seasonal a l t e r a t i o n s in the cambial make-up: 
The fus i f o rm i n i t i a l s as we l l as the ray i n i t i a l s show 
ce r t a in changes in t h e i r dimensions under d i f f e r e n t weather 
cond i t i ons . Ana lys is of the data c o l l e c t e d during the year 1981 
has shown that both the s t ructure and the contents of the cambial 
i n i t i a l s vary during d i f f e r e n t seasons. In F, i n f e c t o r i a , the 
mean length and width of fus i f o rm i n i t i a l s v a r i e s from 337-397 ;Lmi 
and 26-30 ;um r e s p e c t i v e l y , whi le the average s i z e of t h e i r t a p e r -
ing ends ranges from 30-41 pm (Table 8 ) . The s i z e of ray i n i t i a l s 
a lso shows minor v a r i a t i on in d i f f e r e n t seasons. The mean va lue 
of a n t i c l i n a l and p e r i c l i n a l diameters ranges from 20/24-24/29 ;um 
during a calendar year (Table 9 ) . In F, r e l i g i o s a / the average 
length and width of fu'si form i n i t i a l s ranges from 313-376 jam and 
23-34 ;jim r e s p e c t i v e l y and the end wa l l s range from 25-37 ;am 
(Table 10) . S im i l a r l y the mean values of a n t i c l i n a l and p e r i -
c l i n a l diameters of ray i n i t i a l s range from 19/22-24/29 ;uin in 
d i f f e r e n t seasons (Table 11) . 
Observations on the frequency o f ray types , when 
analysed in f o r t n i g h t l y c o l l e c t i o n s o f 1981/ have shown that the 
s i z e as we l l as t h e i r formation i s h i gh l y in f luenced by the 
seasonal f l u c t u a t i o n s . The short rays occur more f r equen t l y from 
November t o March, the medium s i zed from February to October and 
the t a l l rays in May, June and October to December in F. i n f e c t o -
r i a ( F i g . l ) . In F. r e l i g i o s a , the short rays are more f requent 
from July to February, whi le the t a l l rays are more f requent from 
March to May. In F. r e l i g i o s a medium rays are not found t o be 
. . . 23 
Table 8 
Changes in c e l l s i z e of fus i f o rm i n i t i a l s (as seen in t angen t i a l 
v i ew) of cambial zone in Ficus i n f e c t o r i a during 1981. Values 
wi th in parentheses i nd i ca t e the range. 
Mean* s i z e in ;am 
Months Length Width Tapering ends 
337 26 30 
January (285-390) (15-37) (15-60) 
364 27 34 
February (240-390) (22-30) (15-60) 
365 28 41 
March (300-450) (22-37) (22-80) 
365 26 37 
A p r i l (285-450) (15-30) (30-75) 
38 7 28 37 
May (330-450) (22-45) (22-60) 
397 30 41 
June (330-525) (22-37) (15-75) 
381 29 39 
July (300-425) (23-32) (18-70) 
363 28 39 
August (270-435) (22-37) (19-75) 
364 27 38 
September (240-450) (15-30) (19-75) 
360 30 39 
October (255-405) (25-32) (19-75) 
355 28 34 
November (255-435) (22-37) (15-67) 
350 27 32 
December (345-465) (21-30) (16-45) 
* Based on 500 readings . 
Table 9 
Changes in the c e l l s i z e of ray i n i t i a l s (as seen in t angen t i a l 
viev; ) in the cambial zone of Ficus i n f e c t o r i a during 1981. Values 
wi th in parentheses i nd i ca t e the range. 
Months 
Mean* s i z e of ray i n i t i a l s in ;jin. 
A n t i c l i n a l P e r i c l i n a l 
22 27 
Jcinuary (13-30) (15-45) 
20 24 
February (15-30) (15-42) 
22 27 
March ( 9-30) ( 9-54) 
24 25 
A p r i l (12-45) (12-40) 
23 25 
May (13-43) (16-36) 
21 24 
June (14-28) (15-43) 
22 26 
July (14-43) (14-38) 
20 25 
August (13-30) (16-40) 
23 26 
September (16-33) (20-36) 
23 29 
October (16-33) (16-50) 
20 25 
November (15-26) (20-36) 
22 26 
December (13-36) (13-53) 
* Based on 500 readings. 
Table 10 
Changes in c e l l s i z e of fus i f o rm i n i t i a l s (as seen in t angen t i a l 
v i ew ) of cambial zone in Ficus r e l i q i o s a during 1981. Values w i th in 
parentheses i n d i c a t e the range. 
Months 
Mean* s i z e in ;am 
Length V/idth Tapering ends 
322 23 26 
January (195-405) (15-30) (15-45) 
315 27 25 
February (285-330) (22-33) (15-30) 
313 24 27 
March (300-330) (19-30) (15-45) 
326 25 26 
A p r i l (265-345) (18-33) (15-45) 
339 24 27 
May (300-375) (15-45) (15-45) 
319 29 26 
June (270-375) (18-45) (15-45) 
319 27 31 
July (255-405) (22-30) (15-75) 
316 28 28 
August (255-360) (18-33) (15-45) 
348 30 34 
September (315-420) (21-37) (27-60) 
352 27 30 
October (270-435) (22-30) (15-45) 
376 34 37 
November (330-435) (25-37) (22-60) 




* Based on 500 readings . 
Table 11 
Changes in the c e l l s i z e of ray i n i t i a l s (as seen in t angen t i a l 
viev/) in the cambial zone of Ficus r e l i q l o s a during 1981, Values 
w i th in parentheses i nd i ca t e the range. 
Months 
Mean* size o f ray 
A n t i c l i n a l 
i n i t i a l s in jum» 
P e r i c l i n a l 
23 27 
January (12-30) (13-46) 
24 29 
February (15-30) (15-37) 
19 22 
March ( 8-30) ( 8-30) 
21 26' 
A p r i l (10-30) (13-46) 
24 28 
May (12-30) (12-48) 
22 29 
June (10-30) (10-43) 
21 25 
July (10-31) (15-57) 
21 27 
August (13-30) (13-48) 
24 29 
September (16-33) (23-33) 
21 27 
October (16-30) (20-33) 
21 25 
November (13-33) (15-36) 
19 24 
December • (10-33) (11-36) 
* Based on 500 readings • 
(23) 
much a f f e c t e d by seasonal v a r i a t i o n s ( F i g , l ) . 
The d i s t r i b u t i o n of u n i s e r i a t e t o m u l t i s e r i a t e rays i s 
not found to be much in f luenced by the seasonal v a r i a t i o n s . In 
E.» i n f e c t o r i a » the m u l t i s e r i a t e rays are dominant in number and 
c o n s t i t u t e 43 to 61% of the cambial zone in d i f f e r e n t months. 
Fo l l ow ing th is * the b i s e r i a t e rays g e n e r a l l y vary from 12 t o 23%, 
u n i s e r i a t e rays from 11 t o 20% and t r i s e r i a t e rays from 9 t o 19% 
o f the cambial zone in d i f f e r e n t months ( F i g . 2 ) . In F. r e l i -
q i o sa , a lso* the m u l t i s e r i a t e rays are dominant in number and 
c o n s t i t u t e 60 to 73% of the cambial zone in d i f f e r e n t months. 
Fo l lowing t h i s , the t r i s e r i a t e rays g e n e r a l l y vary from 11 t o 
21%, b i s e r i a t e rays from 6 t o 14% and u n i s e r i a t e rays from 5 to 
10% of the cambial zone in d i f f e r e n t months ( F i g . 2 ) . 
In tangent ia l p lane, the amount of ray and fu s i f o rm 
i n i t i a l s show some minor f l u c t u a t i o n s in d i f f e r e n t months of a 
y ea r . In F. i n f e c t o r i a , the percentage area occupied by ray 
i n i t i a l s v a r i e s from 24 t o 33%, the minimum being in January and 
February, whi le the maximum occurs in October ( F i g . 3 ) . In F. 
r e l i g i o s a , the ray area i s found t o vary from 30 t o 41%, the 
minimum being in December, whi l e the maximum occurs in August 
( F i g . 3 ) . 
Studies on the nuclear cond i t i on has shown that most 
o f the fus i f o rm cambial c e l l s , have more than one nucleus per 
c e l l . There i s no d e f i n i t e trend of seasonal v a r i a t i o n in both 
the spec ies i n v e s t i g a t e d . In F. i n f e c t o r i a , uninucleate 
cond i t i on i s found t o vary from n i l t o 80%, b inuc l ea te from 15 
.. .24 
(24) 
t o 15%, t r i n u c l e a t e from n i l t o 35%/ t e t r anuc l ea t e from n i l t o 
30%, The fus i f o rm i n i t i a l s having more than four nuc le i per 
c e l l are no t i ced only during May/ August and October where they 
c o n s t i t u t e 5% of the t o t a l count ( F i g , 4 ) . In F, r e l i q i o s a / 
uninuc leate cond i t i on i s found to vary from n i l t o 85%/ whi l e 
b inuc l ea t e cond i t i on vary from 15 t o 75%/ t r i n u c l e a t e from n i l 
t o 35%/ t e t ranuc l ea t e from n i l t o 20% and mul t inuc lea te cond i -
t i o n , i . e . the c e l l s having more than four nuc l e i per c e l l / i s 
found only during November where i t i s recorded t o be 15% of 
the t o t a l count ( F i g . 4 ) . In c e l l s with po lynuc lea te condit ion/ 
the form and s t ructure of nuc le i vary t o an apprec iab le extent 
in both the spec i es . M a j o r i t y of the nuc le i are spher i ca l and 
e xh ib i t normal structure/ whi le o thers seem to be abnormal/ a 
few even devoid of d i s t i n c t nuclear membrane and severa l others 
show var ious s igns of degenerat ion in both the spec ies ( F i g , 5 ) . 
Degenerat ing nuc le i f i r s t assume a sp ind le or e longated shape 
and then develop long t a i l l i k e bodies at one or both ends 
( P l a t e s VI ; V I I ) , Fo l lowing t h i s , the nuclear membrane d i s -
appear, g i v i n g a n e c r o t i c shape t o the nuclear bod ies . The 
maximum percentage of nec ro t i c nuc le i i s found t o be 30% in F. 
i n f e c t o r i a during March, whi le in F, r e l i q i o s a , i t s percentage 
i s found t o be 34% during the month of A p r i l ( F i g . 5 ) . 
The amount of tannins i s found to be moderate during 
September and November t o January in F, i n f e c t o r i a and from 
February to Ap r i l in F. r e l i q i o s a , whi le they are found t o be 
poor from February t o August and October in F. i n f e c t o r i a and 
in May, June, October to January in F, r e l i q i o s a . The ray 
,..25 
(25) 
i n i t i a l s show complete absence of tannins in P, r e l l g i o s a from 
July to September (Table 12) . 
Observations on the starch contents o f the i n i t i a l s 
r e v ea l that the i n t e n s i t y of starch depos i t i on va r i e s cons ider -
ably in d i f f e r e n t months of the year . The starch has been found 
t o accumulate in r i c h amount in the month of March, moderate in 
January, February, A p r i l , August and September, poor from May t o 
July and December, whi l e absent during October and November in 
F. i n f e c t o r i a . In case of F. r e l i g i o s a , i t shows moderate 
accumulation from December to February and July , poor acciomula-
t i on from March t o June and in August, September, and complete ly 
absent in October and November (Table 12) . 
. . .10 
Table 61 
Var ia t i on (based on s i x samples) in the amount o f starch and 
tannins in ray i n i t i a l s of s e l e c t ed spec ies during 1981. 
Months 
Ray i n i t i a l s 
Ficus i n f e c t o r i a 
Starch Tannins 





A p r i l ++ 
May + 
June + 




























- = Absent 
+ = Poor 
++ = Moderate 
+++ = Rich 
(27) 
Structure o f Wood: 
In F, i n f e c t o r i a / the wood i s d i f f u s e porous with 
pores s o l i t a r y and in short r a d i a l mu l t ip l es of 2 to 4 and 
o f t e n s i x . Wood g rey , moderately hard, ax ia l parenchyma i s 
t y p i c a l l y paratracheal with narrow concentr i c bands o f s o f t 
t i s sue a l t e rna t ing with broader bands of f i rm t ex ture (Gamble, 
1972). Ty loses are a lso present o ccas i ona l l y ( P l a t e X-A,C.D. ) , 
r e l i q i o s a , the wood i s d i f f u s e porous with pores 
s o l i t a r y and in short r a d i a l mu l t i p l e s of 2 to 4 and r a r e l y 
s i x . Wood grey ish whi te , moderately hard, ax ia l parenchyma i s 
t y p i c a l l y paratracheal having narrow bands of s o f t t i s s u e , 
which a l t e rna t e with broader bands of f i rmer sxibstance 
(Gamble, 1972), Ty loses are a lso present occas i ona l l y ^ 
( P l a t e s X I , X I I ) . 
F ib res , in F. i n f e c t o r i a as we l l as in F. r e l i q i o s a , 
are with small simple p i t s , which are almost e n t i r e l y l i m i t e d 
t o r a d i a l wa l l s . They are sep ta te ( P l a t e s V I I I - A . IX-A, B ,C ) . 
The vesse l s are predominantly s o l i t a r y and with simple 
p e r f o r a t i o n p l a t e s in both the spec i e s . The v esse l s are with 
t ransve rse end wal ls and the l a t e r a l wa l l s of the v e s s e l s , in 
both the spec ies , possess over-crowded a l t e r n a t e l y arranged 
c i r c u l a r bordered p i t s with e l l i p t i c a l apertures . ( P l a t e s 
V I I I - C , D; IX-D; X-A, C, D; XI -A - D; X I I - A - E ) . In F. 
i n f e c t o r i a , the vesse l s a lso show sca la r i f o rm p i t t i n g s in 
t angen t i a l longittsdinal sec t i ons ( P l a t e X-B ) . 
... 27 
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The ray parenchyma c e l l s form fus i f o rm rays of 
vary ing he igh t and width in t angen t i a l l ong i tud ina l s e c t i ons . 
The sec re to ry glands or l a t i c i f e r o u s c e l l s are d i s t r i b u t e d 
i r r e g u l a r l y in the xylem rays ( P l a t e s V I I I - A , B; IX-A, B ) . The 
he igh t i s found t o vary from 1-53 c e l l s in F, i n f e c t o r i a and 
from 1-60 c e l l s in F. r e l i g i o s a . S i m i l a r l y , t h e i r width v a r i e s 
from 1-6 c e l l s in F, i n f e c t o r i a and 1-7 c e l l s in F. r e l i q i o s a 
( P l a t e s V I I I - A , C; IX-B, D; X-D) . 
In r a d i a l l ong i tud ina l sect ions/ the rays appear as 
homocel lular and composed of only proctimbent c e l l s in both the 
spec ies ( P l a t e s X I I I - A - D ) . 
Measurements of the vesse l elements have shown that 
t h e i r length va r i e s from 235-402 ;um in F. i n f e c t o r i a and 221-
376 ;L3m in F. r e l i q i o s a . S im i l a r l y r a d i a l and tangen t i a l 
diameters of the vesse l s are found t o vary from 79/79 - 219/ 
259 pm i n ' F . i n f e c t o r i a and 81/71 - 219/261 pxa in F. r e l i q i o s a 
(Table 13) . 
A comparative ana lys is of v e s s e l length with t h e i r 
mother i n i t i a l s has shown that they are almost equal t o t h e i r 
mother i n i t i a l s (Table 13) . 
The macerated f i b r e elements are e longated s t ructures 
with taper ing ends. They seem to undergo ap ica l e longat ion 
by means of ap ica l i n t r u s i v e growth t o the extent of 3.54 t o 
4.4 t imes over the s i z e of t h e i r mother i n i t i a l s , i . e . the 
fus i f o rm cambial i n i t i a l s (Table 14 ) . The i n t r u s i v e l y grown 
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Average length and width o f xylem f i b r e s and t h e i r length 
comparison with the mother c e l l s ( fus i f o rm i n i t i a l s ) in the 
s e l e c t ed spec i es . Figures wi th in parentheses i nd i ca t e the 
range. 
Length of Length of Width of Extent of ' 
fus i f o rm f i b r e s f i b r e s growth o f 
i n i t i a l s in in c in xylem 
Species pm pn >im f i b r e s 
Ficus 366 1296 25 
i n f e c t o r i a (286-439) (835-1635) (15-33) 3.54 
Ficus .330 1455 24 
r e l i g i o s a (272-380) (945-1903) (16-32) 4.40 
Based on round the year c o l l e c t i o n s . 
(28) 
t i v e l y thin c e l l u l o s e wal ls* enc los ing b i g g e r lumen/ r i ch in 
cytoplasmic contents . They vary i n l ength from 835-1635 pm in 
i n f e c t o r i a and 945-1903 >Hn in F. r e l i q i o s a / with an average 
width of 25 ;um and 24 r e s p e c t i v e l y (Tab le 14) , 
Studies of adult wood samples* in t ransverse sec t ions 
o f both the spec i es , have r evea l ed that the pores c ons t i t u t e 
about 26%/ ax i a l parenchyma 39%, ray parenchyma 18% and 
sclerenchyma 17% of the t o t a l t r ansac t i ona l area of wood in F. 
i n f e c t o r i a . L ikewise , in F. r e l i q i o s a , the pores c ons t i t u t e 
about 24%, ax i a l parenchyma 34%, ray parenchyma 21% and 
sclerenchyma 21%. 
In t angen t i a l longi t^ id inal p lane , the wood samples have 
shown that the rays occupy about 24% of the t o t a l t angen t i a l 
area in F, i n f e c t o r i a and 27% in F. r e l i q i o s a , whi le the r e s t 
i s occupied by the ax i a l elements. 
, . .29 
(29) 
Ontogenet ic a l t e r a t i o n s in the wood s t ruc ture : 
Ana lys is of wood in the axes of var ious age group t r e e s 
has shown that the amount of wood increases as the ' t ree ages. 
The s t ructure of wood a lso undergo cons iderab le v a r i a t i o n s 
wi th the increas ing age of the vascular cambium in both the 
spec i e s . In F. i n f e c t o r i a / f o l l o w i n g the vesse l l ength from 
top towards the base at var ious he igh t l e v e l s from the ground, 
the length average of v e s se l s show a gradual decrease in length 
upto base/ in cont ras t t o F. r e l i g i o s a / where i t shows a steady 
inc r ease in length o f the v esse l (Table 15) , 
Observations recorded on the r a d i a l and t angen t i a l 
d iameters r evea l a gradual increase with the inc reas ing diameter 
o f the ax is u n t i l a maximum i s reached and then i t becomes 
almost constant in F, i n f e c t o r i a / whi le in F, r e l i g i o s a no 
s p e c i f i c trend of v a r i a t i o n in l\imen s i z e has been no t i c ed . 
Although the narrow lumen vesse l s are more f requent in young 
shoots and broader ones at the base (Table 16) , 
The vesse l s are c l a s s i f i e d i n t o three types on the 
bas i s o f t h e i r lumen s i z e v i z , / small (1-80 ;um)/ medium (81-
160 ;am) and l a r g e (161 Aim onwards). Observat ions based on the 
above c l a s s i f i c a t i o n of v e sse l s in the stem axes of d i f f e r e n t 
diameters of both the spec ies show that i n the younger shoots/ 
mediiim type of v e sse l s are more frequent/ whi le the l a r g e type 
o f v e s s e l s are dominant in the o lde r ax is ( F i g , 9 ) , 
In F, i n f e c t o r i a / medium pores are more f requent in the 
younger shoot and occupies about 55% of the t o t a l t r ansec t i ona l 
.. .30 
Table 15 
Changes in the vesse l l ength (as seen in macerated samples) 
along the t r e e axis of vary ing g i r t h in the s e l e c t ed species, 
F igures wi th in parentheses i nd i ca t e the range. 
Circumference 
o f the ax is 
i n cm. 
Mean length of v esse l elements in ;am. 
Ficus Ficus 












































* Based on 500 readings. 
Table 16 
Changes in the lumen s i z e of v e sse l s (as seen in t r ansec t i ona l 
v ievj ) along the t r e e ax is of vary ing g i r t h in the s e l e c t ed 
spec i es . F igures wi th in parentheses i n d i c a t e the range. 
Circum-
f e r ence 
o f the 
ax is in 
cm. 
Mean diameter of v e s s e l s in j^om 
Ficus i n f e c t o r i a 
Radia l Tangent ia l 
Ficus r e l i q i o s a 














































(110-235) ( 95-255) 
262 
198 206 
(105-240) ( 90-300) 
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(30) 
area, whi le small and l a r g e type v e sse l s are found to be 20% 
and 25% r e s p e c t i v e l y . With the inc rease in the c i rcumference 
of the axis/ there i s a corresponding decrease in the percentage 
o f small and medium type of v e s s e l s , and a gradual increase in 
the percentage of l a r g e "type v esse l s i s observed. In the main 
trunks the number of l a r g e v e s se l s goes as high as 6 2% of the 
t o t a l count ( F i g . 9 ) . 
In F, r e l i q i o s a , a l so , the medium type pores are more 
f r equent in the younger shoot, occupying 53% of the t o t a l 
t r ansec t i ona l area, wh i l e small and l a r g e type of v e s se l s are 
found to be 15% and 32% r e s p e c t i v e l y . The maximum frequency of 
l a r g e type of v e sse l s i s found in the adult trunk, where they 
c o n s t i t u t e 85% of the t o t a l count ( F i g . 9 ) . 
Observations on the xylem f i b r e s a lso i n d i c a t e some 
changes in t h e i r dimensions with the growing age of the t r e e 
a x i s . The mean length of f i b r e s has been found t o vary from 
899-1245 >am in F. i n f e c t o r i a and 1054-1292 ;jm in F. r e l i q i o s a 
and t h e i r mean width v a r i e s from 24-26 ;am and 17-25 /jm respec -
t i v e l y (Table 17) . 
The percentage area occupied by the d i f f e r e n t 
components of xylem in t ransec t i ons has r e vea l ed that they 
d i f f e r to a c e r t a in ex tent in d i f f e r e n t samples c o l l e c t e d from 
the axes of varying d iameter . The vesse l area i s found t o vary 
from 20-29% in F. i n f e c t o r i a , 21-27% in F. r e l i q i o s a , the 
minimiom being in the younger shoots ( F i g . 10) , S i m i l a r l y , the 
amount of other components has been found t o vary in d i f f e r e n t 
,. ,31 
Table 17 
Changes in the dimension of xylem f i b r e s (as seen in macerated 
samples) along the t r e e ax is of vary ing g i r t h in the s e l e c t ed 
spec i e s . Figures wi th in parentheses i n d i c a t e the range. 
v-ircioin-
f erence 
o f the 
ax i s in 
cm 
Mean dimensions of the xylem f i b r e s in jam 
Ficus i n f e c t o r i a 
Length Width 































































* Based on 500 readings. 
PERCENT TRANSECHONAL AREA 
XYLEM COMPONENTS 
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(74) 
samples, the ax ia l parenchyma i s found vary ing from 36-45% in 
i n f e c t o r i a and 32-38% in F, r e l l q i o s a ^ the ray parenchyma from 
11-19% and 15-21% r e s p e c t i v e l y ( F i g . 10) . In both the spec i es , 
the amount of ray and ax i a l parenchyma gradual ly inc reases wi th 
the inc rease in diameter of the ax i s , a l b e i t of some minor 
f l u c t u a t i o n s . In both the spec ies inves t i ga t ed/ the amount o f 
sclerenchyma in xylem decreases with the increas ing g i r t h of the 
stem ax i s . I t decreases from 24-12% in F, i n f e c t o r i a and from 
28-14% in F. r e l i q i o s a ( F i g . 10 ) . 
L ike t h e i r mother i n i t i a l s in the cambium, the xylem 
-rays a l so d i f f e r in he i gh t and width t o an apprec iab le ex t en t . 
They vary in he ight from 1-53 c e l l s in F. i n f e c t o r i a and 1-60 
c e l l s in F, r e l i q i o s a , and in width from 1-6 c e l l s in F. 
i n f e c t o r i a and 1-7 c e l l s in F. r e l i q i o s a . The small type of 
rays are dominant in F. i n f e c t o r i a and medium type in F. 
r e l i q i o s a ( F i g . 11), whi l e the rays are found t o be i n v a r i a b l y 
m u l t i s e r i a t e in the o lde r axes of both the spec ies ( F i g . 12) . 
In tangent ia l l ong i tud ina l sec t i ons , the percentage 
area occupied by ray parenchyma v a r i e s from 16-25% in F. 
i n f e c t o r i a and 17-24% in F. r e l i q i o s a ( F i g . 13) . 
.. .30 
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(78) 
Seasonal v a r i a t i ons in the wood s t ructure 
The secondary xylem has been analysed every month in 
order t o f i n d out the changes in the s i z e o f v e s se l s elements 
and xylem f i b r e s produced under d i f f e r e n t weather cond i t i ons . 
As f a r as the length of v esse l elements i s concerned, 
i t has been found that i t v a r i e s from 120-450 ;um in F. i n f e c t o r i a 
and from 150-440 Aom in F, r e l i q i o s a in d i f f e r e n t seasons. The 
minimum average s i z e of the vesse l s i s found t o be 302 in F, 
i n f e c t o r i a and 295 A^m in F. r e l i q i o sa^ whi l e the maximum i s 
found t o be 356 pn and 320 ;jm in F. i n f e c t o r i a and F. r e l i g i o s a 
r e s p e c t i v e l y (Table 18) . 
Data on the r ad i a l and tangent i a l diameters of v e sse l s 
in F. i n f e c t o r i a have shown that the average s i z e of the r ad i a l 
diameter ranges from 118-189 ;am and t angen t i a l diameter from 
120-207 /um in d i f f e r e n t months, whi le in F, r e l i q i o s a , average 
r a d i a l diameter of the v e sse l s v a r i e s from 139-198 ;am and the 
t angen t i a l diameter from 143-206 Aim (Table 19) . 
The diamensional changes in the macerated f i b r e elements 
were measured in d i f f e r e n t months of a calendar y ea r . The i r mean 
l ength has been found to vary from 1093-1822 i^m in F. i n f e c t o r i a , 
wi th the minimum average length occurr ing in September and 
maxim\im in August. In F. r e l i g i o s a average length of f i b r e s 
v a r i e s from 1285-1755 Aim, the l a r g e r elements are no t i c ed in 
August and the smaller ones in Ap r i l (Table 20) . Thus, in F, 
r e l i q i o s a , l a r g e r elements are found when the cambium i s h i gh l y 
a c t i v e and the smaller ones, v;hen the cambium i s i n a c t i v e . But 
.. .30 
Table 79 
Seasonal v a r i a t i on in the v e sse l s i z e (as seen in macerated 
samples) in the se l ec t ed spec i es . F igures wi th in parentheses 
i nd i ca t e the range. 
Months 
Mean - length of v e sse l ' e l ements in Aim 
Ficus i n f e c t o r i a Ficus r e l i g i o s a 
328 311 
January (135-420) (240-360) 
302 313 
February (210ir355) (240-335) 
i 318 317 
March (240-375) (270-360) 
332 320 
A p r i l (235-360) (210-375) 
339 308 
May (255-450) (255-390) 
338 299 
June (240-415) (210-375) 
340 295 
July (210-420) (150-440) 
344 306 
August (235-410) (225-360) 
345 318 
September (315-405) (195-375) 
350 302 
October (310-450) (220-355) 
324 311 
November (120-360) (180-420) 
356 317 
December (315-405) (255-360) 
* Based on 500 read ings . 
Table 80 
Changes in the lumen s i z e of vesse l s (as seen in t ransec t iona l 
v iew) in the se l ec ted spec ies . Figures within parentheses 
ind i ca t e the range. 
Months 
Mean diameter of v esse l s in jam 
Ficus i n f e c t o r i a Ficus r e l i q i o s a 













































































































* Based on 500 readings. 
Table 81 
Seasonal v a r i a t i o n in the c e l l l eng th of xylem f i b r e s (as 
seen in macerated samples) in the s e l e c t e d s p e c i e s . F i gures 
w i th in parentheses i n d i c a t e the range . 
Months 
Mean l eng th of f i b r e s in ;am 





























































* Based on 500 readings. 
(27) 
in F, i n f e c t o r i a ^ although l a r g e r elements are found during the 
a c t i v e pe r i od of cambixam but the smaller ones do occur during 
the a c t i v e per iod of cambium, showing no d i r e c t r e l a t i o n s h i p 
with the cambial a c t i v i t y . S imi lar s tudies on the width of the 
f i b r e s have r evea l ed that t h e i r mean s i z e v a r i e s from 23-28 j^m 
in F. i n f e c t o r i a / and from 20-27 ;um in F. r e l i q i o s a (Table 21) . 
The xylem rays show cons iderab le v a r i a t i ons in t h e i r 
he ight and width, as observed in the case of t h e i r mother 
i n i t i a l s . Anatomical s tudies o f the immediate xylem d e r i v a t i v e s 
in f o r t n i g h t l y c o l l e c t i o n s have shown that the occurrence of 
medium type of rays i s not much a f f e c t e d by seasonal f l u c t u a -
t i ons and do not show any s i g n i f i c a n t change round the year in 
both the spec i es . In F. i n f e c t o r i a short rays are more f requent 
from February to Ap r i l and in November, wh i l e in F. r e l i q i o s a 
t h e i r f requent occurrence i s no t i c ed in January, June, August t o 
October and in December. The t a l l rays are no t i ced in Ju ly , 
August and from October to January in F. i n f e c t o r i a , whi l e in F. 
r e l i q i o s a they are more f r equent from February to July ( F i g , 14) . 
Observations on the ray width has shown that the m u l t i -
s e r i a t e rays dominate in both the spec ies and vary from 50-66% in 
i n f e c t o r i a and from 63-73% in F. r e l i g i o s a . Fo l lowing t h i s , the 
t r i s e r i a t e rays g ene ra l l y vary from 18-26%, b i s e r i a t e rays from 
10-21% and un i s e r i a t e rays from 6-14% in F. i n f e c t o r i a . L ikewise , 
i n F, r e l i q i o s a , the t r i s e r i a t e rays vary from 12-24%, b i -
s e r i a t e rays from 5-13% and u n i s e r i a t e rays from 3-6% in 
d i f f e r e n t months of a year ( F i g . 15) . The est imat ion of area 
... 82 
Table 83 
Seasonal v a r i a t i on in the width o f xylom f i b r e s (as seen in 
macerated samples) in the s e l e c t ed spec ies . F igures wi th in 
parentheses i n d i c a t e the range. 
Mean 
* 
width of f i b r e s in jam 





























































* Based on 500 reading s . 
PERCENT X Y L E M RAYS 
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(27) 
occupied by ray parenchyma c e l l s in t angen t i a l p lane has 
r e vea l ed that i t v a r i e s from 19-29% in F. i n f e c t o r i a and from 
21-38% in F. r e l i q i o s a i n d i f f e r e n t months o f a year ( F i g . 1 6 ) . 
Monthly c o l l e c t i o n s of the adult wood of the s e l e c t ed 
spec ies has r evea l ed that the area occupied by the d i f f e r e n t 
components of the xylem in the t ransverse plane show minor 
f l u c t u a t i o n s . The pore area i s found vary ing from 21-33%/ 
ax i a l parenchyma 35-45%/ Sclerenchyma 11-23% and ray paren-
chyma 13-21% in F. i n f e c t o r i a . S imi la r l y/ i n F. r e l i q i o s a the 
area occupied by the d i f f e r e n t xylem components i s est imated 
and i t has been found that the v esse l s occupy 22-26%/ ax i a l 
parenchyma 29-37%/ Sclerenchyma 17-25% and ray parenchyma 18-
24% of the t o t a l t r ansec t i ona l area. A comparison of the maxi-
mum vesse l area occupied in t ransverse plane of these two 
spec ies has r evea l ed that there i s very minor d i f f e r e n c e between 
the twO/ i . e . in F. i n f e c t o r i a v esse l s occupy 26% and in F. 
r e l i g i o s a 24% of the t o t a l t r ansec t i ona l area ( F i g . 17) . 
Observations on the starch content o f the ax i a l and 
ray parenchyma of F. i n f e c t o r i a has r e v ea l ed that frequency of 
t h e i r occurrence f l u c t u a t e s with the changing season. I t has 
been observed that the ax i a l parenchyma accximulate r i ch amount 
o f starch from January t o March/ a moderate amount from A p r i l 
t o July and in November/ December and a poor amount from 
August t o September. In ray parenchyma/ r i c h amount of starch 
has been observed only in January, moderate amount from 
February t o July and September/ and poor accximulation in August 
and from October to December (Table 22) . 
... 86 
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S e a s o n a l v a r i a t i o n ( b a s e d o n s i x s a m p l e s ) i n t h e a m o u n t o f 
s t a r c h a n d t a n n i n s i n t h e x y l e m o f s e l e c t e d s p e c i e s . 
F i c u s i n f e c t o r i a F i c u s r e l i g i o s a 
M o n t h s A x i a l R a y A x i a l R a y 
" P a r e n c h y m a P a r e n c h y m a T 
J a n . S +++ +++ ++ 
T 4-+ ++ + ++ 
F e b . S +++ ++ ++ + 
T + ++ + + 
M a r . S +++ ++ +++ ++ 
T + + + ++ 
A p r . S ++ +++ + 4 
T + •f + + 
M a y S ++ + + 
T ++ ++ +4- ++ 
J u n e S ++ +4- ++ 
T + + + ++ 
J u l . S ++ 
T + — ++ ++ 
A u g . S + + — + 
T +++ +++ + ++ 
S e p . S ++ ++ ++ 
T +++ •f+ ++ ++ 
O c t . S + ++ ++ 
T + ++ ++ 
N o v . S ++ + + 
T •f ++ •f + 
D e c . S ++ + ++ + 4 
T + ++ ++ ++ 
S = S t a r c h - = A b s e n t + + = M o d e r a t e 
T = T a n n i n s + = P o o r + + + = R i c h 
(35) 
In F. r e l i g i o s a / the i n t e n s i t y of the starch contents 
in both the systems o f wood parenchyma a lso f l u c tua t e s as 
observed in F. i n f e c t o r i a . The ax i a l parenchyma c e l l s , r i ch 
in starch are no t i c ed in January, March, A p r i l and July , 
moderate in February, June, -September, October and December, 
poor in May and absent in August and November, The ray 
parenchyma shows no r i ch depos i t i on of starch in F. r e l i q i o s a . 
Moderate accumulation i s not i ced in January, March, A p r i l , June, 
Ju ly , September, October and December, and poor in February, 
May, August and November (Table 22 ) . 
Observations on tanni fe rous substances in the ray and 
ax i a l parenchyma of wood of P, i n f e c t o r i a has r evea l ed that the 
ray c e l l s contain tann i f e rous substances in most of the months 
but to a vary ing degree . The ax i a l parenchyma, conta in ing r i ch 
depos i t s of tannins are not i ced from August t o October, 
moderate in January and May, whi le i t shows poor accumulation 
from February to A p r i l , June, July , November and December. 
The ray parenchyma c e l l s r i ch in tannins are no t i c ed only in 
the month of August, moderate in January, February, May, 
September, November and December, poor in March, A p r i l , June 
and October, and absent in July (Table 22 ) . 
Observations on the accumulation of tannins in F, 
r e l i g i o s a shows minor v a r i a t i ons in the i n t e n s i t y of tannins 
during d i f f e r e n t seasons. The ax ia l parenchjnma c e l l s con ta in -
ing moderate amount of tannins occur in May, July , September, 
October and December, poor from January t o A p r i l , June, August 
. ..36 
(36) 
and November. The rays moderate in tannins are no t i c ed in 
January, March/ May to October and December, and poor in 
February, A p r i l and November (Table 22) . 
Both the systems of xylem parenchyma do not e x h i b i t 
any d i r e c t r e l a t i o n s h i p with each other as f a r as the accumu-
l a t i o n of starch and tannins i s concerned. However, during 
the a c t i v e phase of cambium the accumulation of starch i s 




Structure o f bark 
The outer appearance of stems d i f f e r in d i f f e r e n t 
spec ies and the type of bark i s used in many cases as a taxo -
_nomic charac te r . These d i f f e r e n c e s r e s u l t from the pat tern o f 
growth of the periderm, the s t ructure of the phellem and the 
nature and amount o f t i s sues that are separated by the p e r i -
derm from the stem (Pahn 1982). 
In the present study* the term bark i s used i n c l u s i v e 
o f a l l t i s sues outs ide the vascular cambi\im. In the younger 
shoots, the bark c ons t i tu t e s d i f f e r e n t phloem components, the 
p e r i c y c l e , the endodermis/ the co r t ex and the epidermis, whi l e 
i n the adult trunk, the secondary phloem and the periderm. 
Ex t e rna l l y , the bark of the o lder reg ions of the p lant ax is o f 
i n f e c t o r i a i s greenish grey and smooth, whi l e in F, re l i - g iosa 
i t i s grey with shal low depress ions . I n t e r n a l l y , i t c ons i s t s o f 
two d i s t i n c t zones v i z . , ( l ) the phloem, and (2) the periderm in 
both the spec ies i n v e s t i g a t e d . 
Phloem can fu r the r be separated i n t o func t i on ing and 
nonfunct ioning phloem. There are two systems in the funct ion ing 
and nonfunct ioning phloem, the v e r t i c a l and ho r i z on ta l systems. 
The p r i n c i pa l components of the v e r t i c a l system of the func t i on -
ing or conducting phloem are the s i e v e elements accompanied by 
companion c e l l s , the ax i a l parenchyma and sclerenchyma, whi l e 
the ho r i z on ta l system comprises of the parenchyma of phloem rays 
( P l a t e s XV, XV I ) , In the nonfunct ioning or the nonconducting 
phloem, the s i e ve tubes no longer serve as conducting elements 
,38 
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due t o the presence of th i ck l a y e r s of ca l l o se/ which covers 
the s i e ve areas* the d i s i n t e g r a t i o n of the p r o t op l a s t and 
crushing of the elements ( P l a t e s XIX-XXI ) . In both the spec ies 
inves t i ga t ed/ the sec re to ry glands or l a t i c i f e r o u s c e l l s are 
d i s t r i b u t e d i r r e g u l a r l y in the phloem rays ( P l a t e s XVI I -A , C; 
XVT I I -A ) , The sclerenchymatous system i s dominated by f i b r e s 
and g i v e a c h a r a c t e r i s t i c look t o the bark. They are found in 
small f a s c i c l e s of d i f f e r e n t dimensions in F. i n f e c t o r i a as we l l 
as in F. r e l i g i o s a ( P l a t e s XXI-B, D) . The ax i a l parenchyma 
c e l l s turn s c l e r o t i c and enlarge by deve loping secondary wa l l s 
and enclos ing a b i g liornen in the nonconducting reg ion of both 
the spec ies ( P l a t e s XXI-B* D ) , ' The ax ia l and ray parenchyma 
have d i f f e r e n t amounts of e r gas t i c substances such as s tarch, 
tannins and calcium oxa l a t e c r y s t a l s o f var ious s i z e and shape 
in both the spec ies ( P l a t e s XIX; XX). 
The periderm usual ly cons i s t s of th ree par ts in both 
the spec ies i n v e s t i g a t e d the phel logen* which i s the cork 
cambium; the phellem/ which i s the cork and produced c e n t r i f u g a l l y 
by the phe l logen; and the phelloderm/ which i s produced c e n t r i -
p e t a l l y by the phe l l ogen . Subsequent periderm formation has been 
no t i c ed in both the spec ies and as a r e s u l t o f which, acctmiula-
t i o n of outer dead c rus t takes p l ace on the stem forming d i s t i n c t 
rhytidome ( P l a t e X IV ) . 
The dimensional v a r i a t i ons of s i e ve - tube members and 
phloem f i b r e s has been studied in the conducting phloem s i tuated 
next to cambixam. The s i eve - tube members are found t o vary in 
. . .39 
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l ength from 188-410 ;am in F, i n f e c t o r i a and from 221-386 ;am in 
F. r e l i q i o s a , with an average of 326 and 315 J^m r e s p e c t i v e l y 
(Table 23) . 
As regards t o the r ad i a l and t angen t i a l diaraeters, the 
s i eve - tube members have been found to vary from 22/19-43/40 >im 
in F, i n f e c t o r i a and from 22/20-47/43 pm in F. r e l i q i o s a / with 
an average of 33/29 and 36/31 juin r e s p e c t i v e l y (Table 23) . The 
lumen size as we l l as the length o f s i e ve - tube members i s found 
almost equal in both the spec ies (Table 23) . The s i eve - tube 
members are arranged in a l i n e a r order to form long tubular 
pathways f o r the t rans l oca t i on of synthesised but so lub le 
ma te r i a l s t o the p laces of a c t i v e growth or r eg i ons of s torage 
i n both the spec ies ( P l a t e s X V I I - A - C ; XVI I I A -C ) . The end wa l l s 
o f the s i eve - tube members are conspicuously t ransverse and 
possess simple s i e ve p l a t e s ( P l a t e s XV-D; XVI-D) . La t e ra l s i e v e 
areas are a lso found on the s i eve - tube members through which 
l a t e r a l communication i s maintained with contiguous elements 
( P l a t e s XVII-D; X V I I I - D ) , Each s i eve - tube member i s found t o 
have one or more c l o s e l y assoc ia ted companion c e l l s in both the 
spec ies ( P l a t e s XV-B; XVI-A; XVII— D; X V I I I - D ) . 
In conducting and nonconducting phloem, the measurements 
o f ray and ax ia l parenchyma have sho\ini that they are smaller in 
the conducting than in the nonconducting phloem and as a r e s u l t 
t h e i r t r an sect ional , as we l l as t angen t i a l area i s found t o be 
h igher in nonconducting phloem than in the conducting one, in 
both the spec ies i n v e s t i g a t e d (Table 24) . 
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In t angen t i a l sect ions/ the conducting phloem rays have 
been analysed and found that they vary in he ight from 1-52 c e l l s 
i n F. i n f e c t o r i a and from 1-57 c e l l s in F, r e l i g i o s a ^ whi le 
t h e i r width va r i e s from 1-5 c e l l s and 1-7 c e l l s r e s p e c t i v e l y . 
Ana lys i s of the r e l a t i v e frequency of short/ medium and t a l l 
rays has ind i ca t ed that 34% short rays occur in F, i n f e c t o r i a 
and 33% in F. r e l i g i o s a ; the medium rays c o n s t i t u t e about 43 and 
46%; whi le the t a l l rays are found t o c o n s t i t u t e about 23 and 
21% r e s p e c t i v e l y . S imi la r l y/ the frequency of uni/ hi, t r i and 
m u l t i - s e r i a t e rays has been analysed and found tha t in F. 
i n f e c t o r i a about 7% rays are un ise r ia t e/ 10% b i s e r i a t e / 25% 
t r i s e r i a t e and 58% m u l t i s e r i a t e ; wh i l e in F, r e l i g i o s a about 6% 
are un i s e r i a t e , 12% b i s e r i a t e , 14% t r i s e r i a t e and 68% mu l t i -
s e r i a t e . Thus/ medium and broad rays are more f r equent in the 
func t i ona l zone of both the spec i es . S im i l a r l y , the ana lys is of 
nonconducting phloem has r e vea l ed that the short rays c o n s t i t u t e 
about 27% in F. i n f e c t o r i a and 33% in F. r e l i g i o s a of the t o t a l 
count in an un i t area. The medium rays are observed 48% and 46%; 
wh i l e the t a l l rays c o n s t i t u t e about 25 and 21% r e s p e c t i v e l y . 
S imi la r l y/ the r e l a t i v e abundance of uni/ b i , t r i and mu l t i -
s e r i a t e rays has been analysed per un i t area and i t i s found that 
i n F. i n f e c t o r i a , u n i s e r i a t e rays c ons t i tu t e about 10%, b i s e r i a t e 
9%, t r i s e r i a t e 10% and m u l t i s e r i a t e about 71%; wh i l e in F. 
r e l i g i o s a / uni/ bi/ t r i and m u l t i s e r i a t e rays are found to be 5, 
12/ 17 and 66% r e s p e c t i v e l y . 
In r ad i a l l ong i tud ina l sect ions/ the rays appear as 
homocel lular/ as they are made up of only procumbent c e l l s in both 
A 1 
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the spec ies i n v e s t i g a t e d ( P l a t e X X I l ) . 
Tangent ia l sec t ions of bark samples as we l l as the 
macerated f i b r e s , r e vea l that in both the spec ies , the bast 
f i b r e s ore of l i b r i f o r m type and sep ta t e . The ir morphology and 
h is tochemica l r eac t i ons t o ph lo rog luc ino l and sa f ran in i n d i c a t e 
tha t they undergo ap ica l e longat ion in the secondary phase of 
t h e i r d i f f e r e n t i a t i o n a f t e r the f i r s t phase of maturat ion. The 
i n t r u s i v e l y grown ap ica l par ts usua l l y possess comparat ive ly 
b i g g e r lumen and are r i ch in cytoplasmic contents . 
The phloem f i b r e s of the conducting as we l l as non-
conducting phloem have been analysed and they have been found 
t o vary in length from 813-1529 ;um in P, i n f e c t o r i a and from 
9 07-1771 AJin in P. r e l i g i o s a , and in width from 17-35 i^m and 16-
33 ;um r e s p e c t i v e l y (Table 23) . A comparative ana lys is of f i b r e 
l eng th and of the fus i f o rm i n i t i a l s has shown that the former 
has grown 3,2 t imes and 4,1 t imes over the length of fus i f o rm 
i n i t i a l s in F, i n f e c t o r i a and P. r e l i q i o s a r e s p e c t i v e l y (Table 
25 ) . 
Studies on the conducting phloem of both the spec ies have 
r e v ea l ed that the s i e ve elements occupy about 28% in P. i n f e c t o r i a 
and 31% in P. r e l i q i o s a / the ax i a l parenchyma 53% and 47%; the 
ray parenchyma 15% and 16% and sclerenchyma 4% and 6% of the t o t a l 
t r ansec t i ona l area r e s p e c t i v e l y . The rays are found t o occupy 
24% and 28% of the t o t a l t angen t i a l area in F. i n f e c t o r i a and P. 




Average " length of phloem f i b r e s and t h e i r l ength 
comparison with mother i n i t i a l s in the s e l e c t ed spec ies . 
F igures within parentheses i n d i c a t e the range. 
Length of Length of Extent of 
f us i f o rm phloem growth of 
i n i t i a l s f i b r e s phloem 
Species ()jm) (>am) f i b r e s 
Ficus 365 1203 
i n f e c t o r i a (286-439) (813-1529) 3.2 
Ficus 330 1360 
r e l i a i o s a (272-380) (907-1771) 4 .1 
* Based on round the year c o l l e c t i o n s . 
(27) 
Ontogenetic a l t e r a t i o n s in phlogn; 
The dimensional changes of the phloem have been analysed 
i n the axes of d i f f e r e n t g i r t h from the same t r e e . The s i e v e -
tube monbers along with other components of the conducting 
phloem are found vary ing with the g i r t h of the axes. The length 
o f s i eve - tube members/ a f t e r an i n i t i a l inc rease in length, 
decreases a b i t and then increases with the inc r ease in stem 
circ\amference in both the spec ies i n v e s t i g a t e d . Thus/ short 
s i e v e elements are more f requent in the young shoots ( P l a t es 
XVI I -A ; XV I I I -A ) than in the o lde r ones ( P l a t e s XVI I -B; X V I I I - B ) , 
The average s i z e of s i e ve - tube members found in the current year 
shoots i s measured upto 241 ;um in P. i n f e c t o r i a and 283 in F. 
r e l i g i o s a / whi le t h e i r s i z e in adult trunks i s measured upto 
327 Aim in F. i n f e c t o r i a and 376 ;Lim in F. r e l i q i o s a (Table 26) . 
Studies on the lumen size o f s i e ve - tube members have 
shown that the r a d i a l and tangent i a l diameters in the shoots a lso 
inc rease with the increas ing diameter of the ax i s . This increase 
i n liimen s i z e i s a gradual process . The average r a d i a l and 
t angen t i a l diameters are measured 28/27 ;am in F. i n f e c t o r i a and 
26/26 ;um in F. r e l i q i o s a in current year shoots. The r ad i a l and 
t angen t i a l diameters are found t o be almost equal in s i z e in the 
current year shoots but in the o lde r axes the r a d i a l diameter 
exceeds the tangent i a l one in both the spec i es . Thus* the narrow 
s i e ve - tube members are found in the current year shoots. A 
corresponding increase in the lumen s i z e of s i e v e - tube members i s 
no t i c ed with the increase in the g i r t h of the axes in both the 
... 43 
Table 26 
Changes in the s i eve - tube length (as seen in macerated samples) 
along the ax is of vary ing g i r t h . F igures wi th in parentheses 
i n d i c a t e the range. 
Circumference Mean* length of s i eve - tubes (jum) 
o f the axis in 
cm, Ficus i n f e c t o r i a Ficus r e l i q i o s a 
241 283 
20 (165-375) (195-345) 
295 297 
27 (170-390) (205-390) 
327 310 
45 (195-450) (210-420) 
337 340 
78 (150-435) (250-410) 
320 306 
102 (195-405) (210-420) 
301 310 
135 (180-360) (245-405) 
315 315 
160 (170-375) (250-450) 
327 345 
212 (195-390) (270-415) 
376 
262 - (300-435) 
* Based on 500 readings. 
(44) 
i n v e s t i g a t e d spec ies (Table 27) , The s i e ve - tube elements are 
found smaller than the cambial c e l l s from which they have deve-
loped in both the cases . 
L ike t h e i r mother i n i t i a l s ^ the phloem rays d i ^ ^ r in 
he igh t and width with the age of the ax i s . They are found t o 
vary in he ight from 1-50 c e l l s in F, i n f e c t o r i a and 1-58 c e l l s 
i n F, r e l i g i o s a ^ wh i l e in width they vary from 1-5 and 1-6 c e l l s 
r e s p e c t i v e l y . In F, i n f e c t o r i a / short/ medium and t a l l rays 
occupy more or l e s s equal area in the o lde r trunks, V7hile in F. 
r e l i g i o s a / medium type of rays are more f requent in the o lder 
trunks. The short rays are more common in the younger shoots in 
both the spec ies ( F i g . 18) . The m u l t i s e r i a t e rays are more 
dominant in the o lde r trunks than in the younger shoots (F i g ,19 ) 
and as a r e s u l t of which they occupy g r ea t e r area in o lde r trunks 
than in the younger ones. 
Samples of conducting pholem taken from the axes of 
vary ing g i r t h have shown that they d i f f e r in t h e i r components t o 
some extent in the d i f f e r e n t samples. In t ransverse plane/ the 
s i e ve - tube area i s no t i c ed to vary from 25-35% in F, i n f e c t o r i a 
and 23-29% in F. r e l i g i o s e ; the ax i a l parenchyma from 49-57%, 
5 0-58%; the ray parenchyma from 11-17%/ 9-14% and sclerenchyma 
from 2-7%/ 7-12% in the r e s p e c t i v e spec ies ( F i g . 20) , 
In both the spec ies inves t i ga ted/ i t has been found that 
the amount of s i e ve - tube area increases with the increase in the 
diameter of the ax i s . The amount of ax ia l parenchyma and 
sclerenchyma i s found decreasing with the inc rease in the age of 
. ..36 
Table 27 
Changes in the lumen s i z e of s i eve - tube members (as seen in 
tx 'ansect ional v iew) along the t r e e axis of vary ing g i r t h . F igures 
w i th in parentheses i n d i c a t e the range. 
Mean* diameter of s i eve-tubes 
Circumference 
o f the axis in 
cm. Radia l 
Ficus i n f e c t o r i a Ficus r e l i q i o s a 
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(44) 
•the ax is in both the spec ies . While* on the other hand, the 
amount of ray parenchyma shows no s i g n i f i c a n t change with the 
inc rease in the age of the ax is in both the cases . 
S imi lar ana lys is of the t ransec t i ons of the nonconducting 
phloem have shown that they d i f f e r in t h e i r components to some 
ex t en t in the d i f f e r e n t samples. The amount o f sclerenchyma 
decreases with the increase in the age o f the ax is and dec l ine 
from 13--(4% in F. i n f e c t o r i a and 24-6% in F, r e l i g i o s a * wh i l e . 
the ray parenchyma shows an inc reas ing trpnd with the increase 
i n the g i r t h of the stem and v a r i e s from 8-20% and 14-29% 
r e s p e c t i v e l y . The amount of a x i a l parenchyma shows no s i g n i f i -
cant change with the inc rease in the g i r t h of the stem ax is in 
both the spec ies ( F i g , 21) . 
In t angen t i a l l ong i tud ina l plane* the percentage area 
• 
occupied by ray parenchyma in the conducting phloem v a r i e s from 
18-25% in F. i n f e c t o r i a and 18-26% in F, r e l i g i o s a showing an 
increas ing trend in the area with the increase in the diameter 
o f the axiS/ whi le* in the nonconducting phloem, i t v a r i e s from 
27-38% and 25-33% r e s p e c t i v e l y ( F i g . 22) . 
...45 
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(45) 
Seasonal changes in Phloem; 
To study the s t ruc tura l v a r i a t i o n s in the s i z e of s i e v e -
tube elements/ sclerenchyina/ ax i a l and ray parenchyma produced 
under d i f f e r e n t weather condit ions^ the var ious components of 
the conducting phloem have been analysed in the monthly c o l l e c -
t i ons of a calendar year . The average length of s i eve - tube 
members has been found t o vary from 304-351 ;am in F. i n f e c t o r i a 
and 279-376 ym in F. r e l i g i o s a (Table 28) ; the average r ad i a l 
and tangen t i a l diameters vary from 29/25-40/35 jam in F. i n f e c t o -
r i a and 32/27-41/39 xm in F. r e l i g i o s a (Table 29 ) . The longer 
elements are found more f requent in June and December and the 
short ones in the r e s t of the months in F. i n f e c t o r i a . In F, 
r e l i g i o s a / the longer elements are no t i c ed in November and 
comparat ive ly smal ler ones in the r e s t of the months. No s i g n i -
f i c a n t change i s no t i c ed in the lumen s i z e o f the s i e v e elements 
i n d i f f e r e n t seasons (Table 28) , 
Observat ions recorded on phloem f i b r e s have shown that 
the f i b r e elements exper ience minor v a r i a t i o n s in d i f f e r e n t 
seasons. They are found to vary in length from 510-2065 J^m in 
F, i n f e c t o r i a and from 800-2120 ;am in F, r e l i g i o s a / with an 
average vary ing from 1030-1675 Aim and from 1185-1670 i^m respec -
t i v e l y (Table 30) , Width measurements have a l so r evea l ed that 
i t v a r i e s in average from 25-29 ;am in F, i n f e c t o r i a and 20-27 ,iam 
in F. r e l i g i o s a (Table 31) , Thus, the data obta ined in t h i s 
regard (Table 30) i n d i c a t e that longer elements are more f requent 
i n August in F, i n f e c t o r i a and in June and August in F, r e l i g i o s a / 
wh i l e the short ones in the r e s t of the months, 
.,.46 
Table 28 
Seasonal changes in the c e l l l ength of s i e ve - tube members 
(as seen in macerated samples) in the s e l e c t ed spec ies . F igures 
wi th in parentheses i n d i c a t e the range. 
Months 
* 
Mean length of s i e ve -•tube members (;Lim) 
Ficus i n f e c t o r i a Ficus r e l i q i o s a 
304 299 
January (225-420) (180-360) 
336 315 
February- (270-375) (255-390) 
318 306 
March (135-405) (270-345) 
333 327 
A p r i l (210-405) (195-435) 
319 312 
May (135-435) (195-390) 
351 336 
June (255-435) (300-375) 
313 279 
July (150-405) (165-360) 
321 297 
August (180-420) (210-360) 
327 309 
September (195-435) (165-420) 
323 310 
October (190-390) (210-435) 
327 376 
November (195-390) (300-435) 
346 312 
December (225-405) (210-330) 
* Based on 500 readings 
Table 29 
Seasonal changes in the lumen s i z e of s i e v e ' t u b e members 
(as seen in t r ansec t i ona l v iew) in the s e l e c t ed spec i es . 
F igures wi th in parentheses i nd i ca t e the range. 
Months 
Mean diameter of s i e ve - tubes (um)* 
Ficus i n f e c t o r i a Ficus r e l i q i o s a 
Radia l Tangent ia l Radia l Tangent ia l 
30 29 41 37 
January (26-36) (20-40) (30-50) (30-46) 
31 26 37 32 
February (23-36) (16-36) (20-40) (17-36) 
29 30 34 29 
March (20-43) (17-40) (23-46) (20-43) 
32 28 33 27 
A p r i l (20-39) (16-42) (20-46) (20-36) 
34 31 32 30 
May (26-40) (26-43) (17-43) (17-50) 
35 33 36 30 
June (23-46) (20-43) (17-46) (17-40) 
33 25 35 29 
July (20-46) (13-36) (23-46) (20-40) 
34 30 37 32 
August (23-43) (17-36) (23-50) (23-43) 
31 25 41 39 
September (20-40) (16-33) (26-50) (20-60) 
33 27 34 31 
October (17-43) (17-40) (17-46) (15-43) 
37 32 38 34 
November (23-50) (23-46) (23-53) (23-50) 
40 35 33 29 
December (30-50) (23-46) (23-46) (20-36) 
* Based on 500 readings. 
Table 30 
Changes in the length of phloem f i b r e s (as seen in 
macerated samples) of the s e l e c t ed spec i es . F igures 
wi th in parentheses i n d i c a t e the range. 
Months 
Mean -length of f i b r e s in jim. 





























































* Based on 500 readings. 
Table 31 
Changes in the v/idth of phloem f i b r e s (as seen in 
macerated samples) of s e l e c t ed spec i es . F igures wi th in 
parentheses i nd i ca t e the range. 
Mean width of f i b r e s in pm 
Months Ficus i n f e c t o r i a Ficus r e l i q i o s a 
26 22 
J anuary (15-37) (15-30) 
27 23 
February- (17-35) (17-30) 
26 20 
March (15-36) (15-28) 
25 22 
A p r i l (18-33) (17-30) 
28 27 
May (18-37) (17-35) 
27 26 
June (17-35) (15-36) 
29 27 
July (18-39) (17-35) 
26 27 
August (15-36) (15-37) 
27 25 
September (19-35) (17-33) 
25 25 
October (15-30) (15-33) 
27 26 
November (19-37) (15-36) 
25 22 
December (15-33) (15-30) 
* Based on 500 readings. 
(46) 
A^'xamulation o f starch and tanni^ ferous substances in the 
conduci^ng phloem has been found c l o s e l y r e l a t e d t o the cambial 
ac t i^y i t y . In both the spec ies inves t i ga ted/ the c e l l s i n d i c a t e 
poc/r acc\amulation or complete absence of these substances during 
'the a c t i v e phase o f cambium whi l e they are comparat ive ly r i ch 
during the i n a c t i v e pe r i od (Table 32) . 
S imi lar s tudies on starch and tann i f e rous contents in 
both the ray and ax i a l parenchyma of nonconducting phloem have 
r e vea l ed that the frequency of accumulation v a r i e s in d i f f e r e n t 
months of a year in both the spec i es . However, they do not 
exac t l y f o l l o w the ray and ax i a l parenchyma c e l l s of the conduc-
t i n g phloem (Table 33) . 
to 
The phloem rays have been foundj^vary in he i gh t and width, 
in the conducting as v/ell as nonconducting phloem of both the 
spec ies i n v e s t i g a t e d . Studies of the immediate ph lo i c d e r i v a t i v e s 
in f o r t n i g h t l y c o l l e c t i o n s during 1981 has r e v ea l ed that the short 
rays vary from 30-39% in F. i n f e c t o r i a / 23-41% in F. r e l i g i o s a ; 
the medium from 36-49% and 39-56% and t a l l ones from 18-30% and 
18-28% r e s p e c t i v e l y ( F i g . 23) . S imi lar v a r i a t i o n s are no t i ced in 
t h e i r width. The u n i s e r i a t e rays are found t o vary from 4-10% in 
F. i n f e c t o r i a and 3-9% in F. r e l i g i o s a ; the b i s e r i a t e from 5-16% 
and 9-15%, the t r i s e r i a t e from 19-28% and 8-18% and m u l t i s e r i a t e 
ones from 51-64% and 62-75% r e s p e c t i v e l y (-^ig. 24 ) . 
In F. i n f e c t o r i a / short rays occur more f r equen t l y in 
A p r i l ; medivim rays in June and September, and t a l l rays in Novem-
ber ; whi le in F. r e l i g i o s a , the short rays occur more f r equen t l y 
. ..36 
T a b l e 32 
Seasonal v a r i a t i o n (based on s i x samples) in the amount o f 
s tarch and tannins in the conducting phloem of s e l e c t e d 
spec i es during 1981. 
Ficus i n f e c t o r i a Ficus r e l i q i o s a 
Ax ia l " Ray Ax i a l Ray 
Months Parenchyma Parenchyma 
Jan, S +++ 4-+ ++ ++ 
T +++ +++ +++ ++ 
Feb. S +++ ++ ++ +++ 
T ++ ++ ++ ++ 
Mar. S ++ +++ ++ ++ 
T +++ ++ ++ ++ 
Apr. S +++ +++ +++ ++ 
T ++ +++ +++ +++ 
May S ++ ++ ++ ++ 
T ++ ++ + + 
June S +++ +++ + + 
T ++ ++ + -f 
Ju l . S ++ +++ ++ + 
T + + + -
Aug. S + ++ + ++ 
T ++ ++ - -
Sep. S ++ ++ + + 
T ++ + + -
Oct. S + + + 
T + ++ + 
Nov. S + ++ + 
T + ++ ++ ++ 
Dec. S + + ++ ++ 
T ++ ++ ++ 
S = Starch - = Absent ++ = Moderate 
T = Tannins + = Poor +++ = Rich 
Table 33 
Seasonal v a r i a t i on (based on s i x samples) in the amount of 
starch and tannins in the non-conducting phloem of s e l e c t ed 
spec ies during 1981. 
Ficus i n f e c t o r i a Ficus r e l i q i o s a 
Ax ia l Ray Ax i a l Ray 
Months Parenchyma Parenchyma 
Jan. S +++ +++ ++ +++ 
T +++ ++ +++ ++ 
Feb. S ++ ++ +++ +++ 
T ++ +++ ++ ++ 
Mar. S + +++ ++ 
T ++ ++ ++ 
Apr. S +++ ++ ++ 
T ++ +++ ++ +++ 
May- S ++ +++ ++ +++ 
T ++ + + 
June S +++ +++ ++ ++ 
T ++ +++ + + 
Ju l . S ++ +++ ++ ++ 
T ++ ++ + + 
Aug. S ++ +++ ++ ++ 
T ++ + + 
Sep. S ++ ++H- ++ 
T ++ ++ +++ +++ 
Oct. S +++ +++ ++ ++ 
T ++ +++ ++ ++ 
Nov. S ++ ++ ++ ++ 
T +++ ++ ++ + 
Dec. S +++ +++ +++ +++ 
T +++ +++ ++ ++ 
S = Starch - = Absent ++ = Moderate 
T = Tannins •f = Poor +++ = Rich 
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in Septa:nber and October, medium in A p r i l and May and t a l l ones 
i n November ( F i g . 23) . As f a r as un i , b i , t r i and m u l t i s e r i a t e 
rays are concerned/ they are always dominated by m u l t i s e r i a t e 
rays and occur more f r equen t l y in the month of March in both the 
spec ies ( F i g . 24 ) , Almost a s imi la r trend of v a r i a t i o n has been 
no t i c ed in the nonconducting phloem of F. i n f e c t o r i a and F. 
r e l i q i o s a , exceptth^ t r i s e r i a t e and m u l t i s e r i a t e rays of F. 
i n f e c t o r i a . Here* the percentage of m u l t i s e r i a t e rays i s h igher 
and va r i e s from 65-79% and the percentage of t r i s e r i a t e rays i s 
l e s s e r and v a r i e s from 6-15% (F i g s . 25 and 26) . 
Ana lys i s of d i f f e r e n t components of conducting phloem, 
i n round the year c o l l e c t i o n s has r e vea l ed that the s i eve - tube 
area va r i e s from 21-36% in F. i n f e c t o r i a and 26-38% in F. 
r e l i q i o s a ; the sclerenchyma from 2-6% and 4-9%; the ax i a l paren-
chyma from 46-59% and 42-54%; and ray parenchyma from 10-19% and 
11-20% r e s p e c t i v e l y ( F i g . 27) . The maximum t ransec t i ona l s i e v e -
tube area has been found in December in F. i n f e c t o r i a and in 
November in F. r e l i q i o s a . 
S imi lar ana lys is of the d i f f e r e n t components of non-
conducting phloem, in round the year c o l l e c t i o n , has r evea l ed 
tha t the sclerenchymatous area v a r i e s from 4-8% in F. i n f e c t o r i a 
and 5-9% in F. r e l i q i o s a ; the ax i a l parenchyma from 61-79% and 
60-70%; and ray parenchyma from 16-32% and 24-34% r e s p e c t i v e l y 
( F i g . 28) . 
In t angen t i a l p lane, the area occupied by rays in the 
conducting phloem va r i e s from 21-26% in F. i n f e c t o r i a and 25-34% 
. . .39 
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(48) 
i n F. r e l i q i o s a in round the year c o l l e c t i o n s ( F i g . 29) . A 
s im i l a r ana lys is of rays in the nonconducting phloem has shown 
that the sur face area occupied by ray c e l l s vary from 27-44% in 
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P e r i o d i c i t y o f cambium 
In both the i n v e s t i g a t e d spec i es , the vascular cambium 
exper iences d e f i n i t e per iods of a c t i v i t y and doi'mancy during a 
calendar year . During the a c t i v e period/ the fus i f o rm cambial 
c e l l s are found r e l a t i v e l y thin and near l y smooth r a d i a l wa l l s 
due to the absence of thickened areas, a l t e rna t ing with the 
primary p i t f i e l d s ( P l a t e s I ; I I ) . Sometimes the r a d i a l wa l l s 
show beaded s tructure during the a c t i v e pe r i od but i t i s not so 
prominent as in the i n a c t i v e pe r i od . During the a c t i v e pe r i od , 
the cambial zone, takes l i g h t s ta in due to the absence of 
co loured contents and l o s s o f chromat ic i t y of protoplasm. During 
the i n a c t i v e per i od , the cambial zone i s represented by a 
narrow zone of t a n g e n t i a l l y f l a t t e n e d c e l l s and made up of 3-6 
l a y e r s in F. i n f e c t o r i a ( P l a t e XX I I I -A ) and 3-5 l a y e r s in 
F. r e l i g i o s a (PlateXJCV-A, B ) . During the r e s t i n g pe r i od , the 
r a d i a l wa l l s of cambial c e l l s are found to be comparat ive ly 
th i cke r than that of a c t i v e pe r i od . The r a d i a l wa l l s show pro -
minent beads during t h i s pe r i od in the t angen t i a l v iew ( P l a t e s 
IV ; V-B, C; VI-A; V I I -A ) due to the presence of a l t e r n a t e l y 
thickened areas and the deeply depressed primary p i t f i e l d s , 
through which they communicate by plasmodesmata connect ions with 
the contiguous elements. Protoplasmic contents as we l l as the 
nucleus become r e l a t i v e l y dense during the i n a c t i v e pe r i od . 
Tannins and starch accumulate more in the ray i n i t i a l s during the 
dormant phase. 
In both the spec ies , the vascular cambium, a f t e r 
exper ienc ing a d e f i n i t e pe r i od of dormancy, undergo a c t i v a t i o n 
.. .49 
(50) 
once in a year . The f i r s t s ign o f a c t i v i t y appears in July in 
F, i n f e e t o r i a and in August in F. r e l i g i o s a . The c e l l s in the 
cambial zone undergo r a d i a l expansion in the f i r s t week o f July 
in F, i n f e e t o r i a and in the f i r s t week o f August in F, r e l i g i o s a . 
As a r e s u l t of t h i s enlargement, the cambial zone swe l l s up from 
105 ;uini to 150 in F. in f e e t o r i a and from 135 >im t o 165 >im in 
F. r e l i g i o s a (P la t es XX I I I -B ; XXV-C). 
The c e l l s s t a r t d i v i d i n g , in F. i n f e c t o r i a , in the t h i r d 
week o f July which causes an increase in l a y e r s o f c e l l s from 
6-10 to 9-13 ( P l a t e XXI I I -D ) whi l e in F, r e l i g i o s a , the cambial 
c e l l d i v i s i o n s t a r t s in the mid August, increas ing the n\amber 
o f cambial l a y e r s from 7-11 t o 10-14 ( P l a t e XXVI-B). In F. 
i n f e c t o r i a , the newly produced d e r i v a t i v e s f i r s t d i f f e r e n t i a t e 
i n t o x y l a r y e lanents and as a r e s u l t of which about 450 of 
xylem i s added in August. The production of xylem continues 
upto October in F, i n f e e t o r i a ( P l a t e XXIV-A,B), wh i l e in F. 
r e l i g i o s a , the newly produced d e r i v a t i v e s d i f f e r e n t i a t e i n t o 
x y l a r y as we l l as ph lo i c elements simultaneously ( P l a t e XXVI-C,D), 
as a r e s u l t of which 900 >am of xylem and 123 >jm of phloem i s 
added in the month of August. 
Out of the newly produced cambial d e r i v a t i v e s , the 
phloem production i s observed from October t o December in F. 
i h f e c t o r i a and in August, October and November in F. r e l i g i o s a . 
Precursor phloem formation i s a lso no t i c ed in F, r e l i g i o s a in 
the month of March. 
.. .49 
(51) 
The cambiiim becomes dormant during l a t e December 
i n F. i n f e c t o r i a / whi le in P. r e l i g i o s a dormancy i s a t ta ined 
in December, Thus, the cambium remains a c t i v e f o r about 6 
months in F. i n f e c t o r i a and 4 months in F. r e l i g i o s a . 
Thus, during 1980 and 1981, the t o t a l amount of 
xylem produced i s measured about 1500-1700 ;am in F. i n f e c t o r i a 
and 1900-2200 ;am in F. r e l i g i o s a , wh i l e about 450 ;jm and 535 ;am 
o f phloem i s produced in both the spec ies r e s p e c t i v e l y . The 
quantiom o f phloem produced i s more or l e s s equal in both the 
i n v e s t i g a t e d spec ies ( F i g s . 30 & 31 ) . 
, . .52 
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Longev i ty of phloem: 
As a f o r e sa id , the vascular cambium of F, i n f e c t o r i a 
becomes a c t i v e in July and F, r e l i g i o s a in August/ but in F. 
r e l i g i o s a / b e f o r e the i n i t i a t i o n of cambial a c t i v i t y / a few 
l a y e r s of new phloem are produced in March i . e . the precursor 
phloem. I t seems t o have developed from the outer d e r i v a t i v e s 
o f the cambiuim/ which are produced at the i n a c t i v a t i o n of l a s t 
growth season and remained in l e s s d i f f e r e n t i a t e d or u n d i f f e r -
en t i a t ed form. The precursor phloem amounts t o about 100 ;jin in 
Z * r e l i g i o s a and current year phloem measures 123 ;um in depth in 
August, Thus/ the precursor phloem funct ions only f o r about 5 
months in F. r e l i g i o s a / whi l e out of the 123 ;am of current year 
phloem only about 65 ;jin remains func t i ona l upto September, Then 
again in the months of October and November/ about 153 <um and 
161 Aom of phloem i s added r e s p e c t i v e l y , out of which 67 ;jm of 
phloem remains func t i ona l upto February, wh i l e the r e s t goes 
non- func t i ona l . The depos i t i on of d e f i n i t i v e c a l l o s e on the 
s i e v e p l a t e s as we l l as on the l a t e r a l s i e v e areas turns them 
t o go non- func t i ona l . Thus/ the current year phloem remains 
func t i ona l f o r about 7 months in F. r e l i g i o s a ( F i g . 32) . Phloem 
d i f f e r e n t i a t i o n / in F, i n f e c t o r i a occurs only once in a calendar 
year i , e . / from October t o December. In t h i s spec i es , no p re -
cursor phloem formation takes p l ace ( F i g . 32 ) . The t o t a l amount 
o f current y e a r ' s phloem i . e . / about 450 i^m i s added in the 
months of October/ November and December in F. i n f e c t o r i a . The 
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non- funct iona l due to the depos i t i on of d e f i n i t i v e c a l l o s e 
as in F. r e l i q i o s a / and only about 78 ;um in depth remains 
func t i ona l t i l l September, Thus, in F, i n f e c t o r i a the 





I t was Sanio (1863)/ the f i r s t bo t an i s t who recogn ized 
the cambium as a l a t e r a l meristem. Although in 1682, Grew f o r 
the f i r s t t ime gave the term cambium and i t s c e l l u l a r make-up 
and nature came from the German bo tan i s t s of the pas t . The 
concept of cambium as a s i n g l e l a y e r of i n i t i a l s * however* 
comes from De-Bary (1884). Catesson (1964) doubt the ex i s t ence 
of one l aye r of cambial i n i t i a l s and cons ider the c e l l s of the 
whole homogeneous par t of the cambial zone t o have the proper-
t i e s of i n i t i a l s . Bannan (1955, 1968) and Newman (1956) 
succeeded in d i s t ingu i sh ing s i n g l e i n i t i a l c e l l s between the 
phloem and xylem mother c e l l s in c o n i f e r s . Using the c r i t e r i o n 
o f wa l l th ickness Newman (1956) and Mahmood (1968) found i t 
p o s s i b l e t o d i s t ingu i sh in Pinus the groups of c e l l s which i n -
c lude the i n i t i a l . In the same way Murmanis (1977) was able t o 
d i s t ingu i sh i n i t i a l s in the branches of Quercus rubra. But i t 
i s customary t o r e f e r to the e n t i r e cambial zone by t h i s term 
as i t i s d i f f i c u l t t o d i s t ingu i sh between the i n i t i a l s and the 
neighbouring c e l l s that are der i ved from them. In the present 
study* th i s concept has been taken i n t o cons idera t ion f o l l o w i n g 
Cockerham (1930)/ Artschwager (1950)/ Kozlowski (1971)* P h i l i p -
son ^ (1971)/ B u t t e r f i e l d (1972)/ Ghouse and I qba l (1975)/ 
Ghouse e t (1980)/ Fahn (1982) and Khan ^ (1983). 
Elongated fus i f o rm i n i t i a l s and roughly i sod iamet r i c 
ray i n i t i a l s c o n s t i t u t e the vascular cambi\im« Ba i l ey (1923) has 
... 54 
(112) 
recogn ized two bas ic pat te rns of cambial s t ructure on the bas i s 
o f the arrangement o f d i f f e r e n t i n i t i a l s . In one of them the 
f u s i f o rm i n i t i a l s occur in ho r i z on ta l t i e r s with the ends of 
c e l l s appearing approximately at the same l e v e l i n a g iven t i e r 
and in the other* the end wa l l s of the adjacent i n i t i a l s over lap 
t o a cons iderab le ex t en t . The f i r s t one i s known as s t r a t i f i e d 
cambium and the l a t e r one as n o n s t r a t i f i e d cambium. 
According t o Ba i l ey (19 23) the s t r a t i f i e d type of 
cambium i s p h y l o g e n e t i c a l l y advance. Other workers of the 
s im i l a r opinions are Eames and MacDaniels 1947; M e t c a l f e and 
Chalk 1950; Barghoorn 1964; Esau 1965, 1977; Ghouse and Yunus 
1974a; Fahn 1982. The p resen t l y i n v e s t i g a t e d Moraceae members 
may a lso be said as p h y l o g e n e t i c a l l y advance taxa as they dep i c t 
a s e m i - s t r a t i f i e d s t ructure of the cambium. 
The cambial i n i t i a l s of a wide v a r i e t y o f t r o p i c a l as 
w e l l as temperate t r e e s were measured by Ba i l ey (1920) and i t 
was no t i ced that the fus i f o rm i n i t i a l s are shor ter in s t r a t i f i e d 
cambial forms than in the n o n s t r a t i f i e d ones. In the non-
s t r a t i f i e d forms. Ba i l ey (1923) f u r the r found that the fus i f o rm 
i n i t i a l s vary in length from 460-4400 ;am. The observat ions 
regarding t h i s aspect i n d i c a t e that in the p resen t l y i n v e s t i g a t e d 
Moraceae members the length of fus i f o rm i n i t i a l s f a l l s wi th in the 
l i m i t of B a i l e y ' s above observat ions . However, Ghouse and I qba l 
(1975) in some ar id zone spec ies of Acacia and Prosopis , Ghouse 
and Hashmi (1977 a) in some Indian t r o p i c a l t r e e s , Ghouse ^ a l . 
(1980) in some verbenaceae and Khan (1980) in c e r t a in Myrtaceae 
... 55 
(56) 
have found the length of fus i f o rm i n i t i a l s t o f a l l shorter than 
the B a i l e y ' s (1923) repor ted l i m i t f o r n o n s t r a t i f i e d cambiumo 
As f a r as the two spcc ies of Moraceae i n v e s t i g a t e d in 
the 'present study are concerned, both are found t o possess short 
fus i f o rm i n i t i a l S o Taking i n t o cons idera t ion the s i z e of f u s i -
form i n i t i a l s as a c r i t e r i o n f o r phy logenet ic advancement/ 
obv ious ly both the spec ies come under the advance ca t ego ry . 
The short s i z e of fus i f o rm i n i t i a l s of F^ i n f e c t o r i a and F. 
r e l l q i o s a i s coupled with other advance s t ructures o f bark and 
wood i 'oe, the s i z e and s t ructure of s i eve-tube members, vesse l 
elements, the phloem and xylem rays and the d i s t r i b u t i o n and 
amount of xylem parenchyma (Ba i l ey 1953, 1957; Cheadle 1953, 
1956; Car lqu is t 1961; Esau 1965; Fahn 1982). 
During d i f f e r e n t seasons, the anatomical v a r i a t i o n s 
tha t the cambixam exper iences , have been analysed by a nxamber of 
workers (Eames and MacDaniels 1947; Buvat 1956; Evert 1963 a; 
Esau 1965; Sr i vas tava and O'Brien 1966; Mahmood 1968; Robards 
and Kidwai 1969; Murmanis 1971; Yunus 1976; Hashmi 1977; Khan 
1977; I qba l 1979; Khan 1980)« The r a d i a l wa l l s of fus i f o rm 
i n i t i a l s g ene ra l l y become th i cke r than the t angen t i a l wa l l s , 
s p e c i a l l y during the i n a c t i v e per iod and the deeply depressed 
primary p i t f i e l d s are a lso v i s i b l e in t angent i a l l ong i tud ina l 
viewo S imi lar observat ions have been recorded in the present 
study too , in both the spec ies . 
I t i s commonly he ld that the fus i f o rm i n i t i a l s are 
uninucleate i r r e s p e c t i v e of t h e i r s i z e (Ba i l ey 1923; Eames and 
(102) 
MacDaniels 1947; Esau 1965; Fahn 1982) but r e c e n t l y some r epor t s 
have shown the occurrence o f more than one nucleus per fus i f o rm 
cambial c e l l ( Pa t e l 1975; Ghouse and Khan 1977; Plashmi 1977; 
Ghouse ^ a l . 1979 a; I qba l 1979; Khan 1980). In the present 
study a lso , i t has been observed that the nuclear number va r i e s 
from one t o many in both the spec ies i n v e s t i g a t e d . Recent ly , 
Ghouse and Khan (1977) and Khan (1980) have r epor ted that the 
nuclear number undergoes seasonal changes in c e r t a i n Myrtaceae 
members. According t o Ghouse and Khan (1977) the nuclear nximber 
inc reases during r e s t i n g or i n a c t i v e per iod and decreases during 
the a c t i v e per iod of cambial growth in Psidium gua.lava. Khan 
(1980) has repor ted that a s im i l a r trend of seasonal v a r i a t i on 
i n the nuclear niamber in Cal l istemon c i t r i n u s but in Eugenia 
1ambolana an oppos i te trend of v a r i a t i o n t o tha t of Cal l istemon 
c i t r i n u s and Psidium guajava has been found, wh i l e in Encalyptus 
maculata, no d e f i n i t e trend has been f o l l owed . Hashmi (1977) in 
Delonix r e g i a , Mimusops e l eng i and Po l ya l t h i a l o n g i f o l i a and 
I qba l (1979) in Acacia n i l o t i c a and Prosopis sp i c i q e r a , however, 
could not f i n d any d e f i n i t e trend of seasonal v a r i a t i o n in the 
nuclear number as i t has been not i ced in the case o f Eucalyptus 
maculata. In the present study too , no d e f i n i t e trend of 
seasonal v a r i a t i on in the nuclear number has been f o l l owed . There 
are a lso r epor t s on the v a r i a t i o n in nuclear s i z e and chromat ic i ty 
during i n a c t i v e and a c t i v e per iods of cambial growth in d i f f e r e n t 
seasons (Derr and Evert 1967; Pa l iwa l and Prasad 1970; Yunus 
1976; Hashmi 1977; Khan 1977; I qba l 1979; Khan 1980). In the 
present i n v e s t i g a t i o n s a l so , the nuc le i have been observed t o 
decrease in s i z e and increase in chromat ic i ty during t h e i r i n -
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a c t i v e pe r i od as compared t o the a c t i v e pe r i od of cambium. 
E a r l i e r workers have r epor t ed pe r i od i c a n t i c l i n a l and 
p e r i c l i n a l d i v i s i o n s in the cambial i n i t i a l s (Ba i l ey 1919, 1923; 
Eames and MacDaniels 1947; Bannan 1956; Esau 1965; Ghouse and 
Yunus 1973; Fahn 1982). Cambial populat ion i s being added by the 
a n t i c l i n a l d i v i s i o n s whi l e the p e r i c l i n a l ones increase the 
number of cambial d e r i v a t i v e s producing new phloem and xylem 
elements. Two fundamental types o f a n t i c l i n a l d i v i s i o n s have 
been recogn ized by Ba i l ey (1923) in the d i f f e r e n t vascular p l an t s . 
In one type* the a n t i c l i n a l d i v i s i o n takes p lace in a r a d i a l long i -
tud ina l plane and in others pseudotransverse wa l l format ion occurs 
running ob l ique and i n t e r s e c t i n g the two r a d i a l wa l l s at two 
d i f f e r e n t l e v e l s (Ph i l ipson and Ward 1965; Ph i l ipson e t a l . 1971 ) . 
The pseudotransverse a n t i c l i n a l d i v i s i o n r e s u l t s in the deve lop-
ment of two unequal daughter c e l l s . In the present study, the 
a n t i c l i n a l d i v i s i o n s in the cambial i n i t i a l s have been noted to 
be pseudotransverse. The pseudotransverse wa l l observed in the 
present study va r i e s in length from short t o long in both the 
spec i es , sometimes the d i v i d i n g wa l l almost extends from one end 
of the c e l l t o the o ther , as i t has a lso been repor ted by Hashmi 
(1977) in the case of Delonix r e g i a , Iqba l (1979) in some a r id 
zone spec ies and Khan (1980) in c e r t a i n Myrtaceae members. 
The work on the ray i n i t i a l s formation has been c a r r i e d 
out i n d e t a i l by Barghocarn (1940 a, b; 1941 a, b) and Braun (1955) 
in c o n i f e r s and d i co ty l edons . In the recent past , the work on 
ray i n i t i a l development inc ludes that of Bannan (1950, 1951, 
1953, 1956); Evert (1959, 1961); Cumbie (1963, 1967, 1969 a, b ) ; 
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Sr i vas tava (1963 a, b ) ; Cheadle and Esau (1964); Ghouse and 
Yunus (1973); Ghouse and Iqba l (1977) ; Hashmi (1977); Khan (1977); 
Khan (1980); Khan e t al (1983). E a r l i e r works on the ray i n i t i a l s 
format ion i n d i c a t e that the ray i n i t i a l s may o r i g i n a t e in more 
than one way. Sometime/ they a r i s e as a s i ng l e c e l l which may 
be cut at the ends of fus i f o rm i n i t i a l s as temninal segments 
(Bannan 1951, 1956; Braun 1955; Khan 1977; Khan 1980) or l a t e r a l 
segments (Ever t 1959/ 1961/ 1963 a; Ghouse and Yunus 1973; 
Ghouse and Iqba l 1977; Hashmi 1977; Khan 1980). They may a l so 
a r i s e by t ransverse segmentation of the fus i f o rm i n i t i a l s 
(Whalley 1950; Bannan 1951; Cumbie 1963; Sr i vas tava 1963 a, 
1966; Ghouse and Yunus 1973; Hashmi 1977; Khan 1977; Khan 1980) 
or a dec l i n ing fus i f o rm i n i t i a l may be reduced t o a s i n g l e ray 
i n i t i a l (Barghoorn 1940 a, 1941 a; Fahn 1982). 
As f a r ^s the two p r e sen t l y i n v e s t i g a t e d Moraceae members 
are concerned, they show the f i r s t three type of ray fo rmat ion . 
And a f t e r t h e i r development, they continue t o increase in nxamber 
t o a cons iderab le extent mainly through m u l t i p l i c a t i o n of the 
e x i s t i n g i n i t i a l s (Barghoorn 1941 b; Braun 1955; Evert 1961/ 
1963 a; Ghouse and Yunus 1973; Ghouse and I qba l 1977; Hashmi 
1977; Khan ^ 1983). Rays a l so increase in width and height/ 
i n the p resent l y i n v e s t i g a t e d spec i es , by the fus ion o f two or 
more v e r t i c a l l y and r a d i a l l y a l i gned rays . Such fus ions r e s u l t 
from in te rven ing fus i f o rm i n i t i a l s or by the m u l t i p l i c a t i o n of 
a l ready e x i s t i ng ray i n i t i a l s of the adjacent panels of rays 
(Barghoorn 1941 b; Braun 1955; Ph i l ipson ^ 1971; Ghouse and 
Yunus 1973; Ghouse and Iqba l 1977; Hashmi 1977; Khan 1980; Khan 
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e t a l . 1983). In contras t t o the above, the s p l i t t i n g of rays 
a l s o occur as a r e s u l t of i n t r u s i v e growth of fusifoirm i n i t i a l s 
i n both the spec ies i n v e s t i g a t e d as has r e c en t l y been repor ted 
by Khan (1980) in Cal l istemon c i t r i n u s , Eucalyptus maculata and 
Eugenia jambolana and Khan e t jO., (1983) in C i t rus s inens is . 
E a r l i e r workers have a lso recorded s im i l a r observat ions in 
d i f f e r e n t spec ies (Barghoorn 1940a/ b; Esau 1965, 1977; Evert 
1961; Cheadle and Esau 1964; Ghouse and Yunus 1973; Ghouse and 
Hashmi 1977a;Ghouse and I qba l 1977; Khan 1977), 
As a r e s u l t of d e t a i l e d ana lys i s of Pinus strobus. 
Ba i l e y (1923) found that the fus i f o rm i n i t i a l s c ons t i t u t e about 
87o5% of the t o t a l area of cambial zone, Wilson (1963) c a l c u l a -
t ed the sur face area of cambial zone in Abies conco lor and found 
tha t the fus i f o rm c e l l s form more than 90% by volume of the 
cambium and i t s d e r i v a t i v e s . Later on, he gave a model f o r the 
cambium of c o n i f e r s based on h i s observa t i ons . S im i l a r l y , 
Kozlowski (1971), B u t t e r f i e l d (1972), and Margaris and Papado-
g iann i (1977) have a lso recorded s im i l a r high percentage of f u s i -
form i n i t i a l s . In the present study, F. i n f e c t o r i a , the fus i f o rm 
i n i t i a l s c o n s t i t u t e 71%, whi l e in F. r e l i g i o s a , i t occupies 64% 
of the t angen t i a l area of the cambial c y l i n d e r . Almost s im i l a r 
r e s u l t s have a l so been obtained in seve ra l other t r o p i c a l t r e e s 
by a number of Indian workers (Ghouse and Yunus 1973, 1974 a ,b , 
1976 a; Ghouse and Hashmi 1977 a; Ghouse and I qba l 1975, 
1977; Ghouse ^ a l . 1975 a, b, 1976 a, 1980; Khan 1977; Khan 
1980; Khan and S idd iq i 1980, 1983; Khan e t a l . 1979 a, 1982. In 
c e r t a i n extreme case t h e i r proport ion may f a l l as low as 25%, 
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being repor ted by Ghouse and Yunus (1974 b ) in D i l l e n i a i nd i c a . 
I t i s ev ident from the present s tudies that the fus i f o rm 
cambial i n i t i a l s exper ience cons iderab le length v a r i a t i o n as the 
t r e e ax is grows in g i r t h . In F, i n f e c t o r i a ^ advancing from the 
apex of the t r e e downwards* the fus i f o rm i n i t i a l length decreases 
with the inc reas ing ax is g i r t h and then a f t e r a s l i g h t inc rease , 
i t ran almost constant in the mature trunk r eg i on , a l b e i t with 
some minor f l u c t u a t i o n s . However, in F, r e l i g i o s a , there i s a 
p o s i t i v e increase in length of fus i f o rm i n i t i a l s with the 
inc rease in the g i r t h of the ax is and a f t e r a t t a in ing a maximum 
l i m i t i t g e t s s t a b i l i z e d . The length v a r i a t i o n in F, i n f e c t o r i a 
i s contrary to the e a r l i e r r epor t s on a number of d icoty ledonous 
spec i es , which descr ibe e i the r a constant inc rease in fus i f o rm 
i n i t i a l length throughout the ax is (Cumbie 1969 a. Khan 1980) or 
the attainment of constancy a f t e r reaching c e r t a i n maximum, l a t e 
in the t r e e age (Ba i l e y 1923; Bosshard 1951; Hejnowicz and 
Hejnowicz 1958; Bannan 1962; Car lqu i s t 1962; Evert 1961, 1963 a; 
Ghouse and Yunus 1973; Khan 1977; Ghouse and Hashmi 198Ca)or an 
e a r l y s t a b i l i z a t i o n a f t e r an i n i t i a l inc rease (Ba i l ey 1944, 
Car l qu i s t 1962; Cumbie 1963, 1967, 1969 b; B u t t e r f i e l d 1972), or 
an u l t imate d e c l i n e of length in o ld trunk preceded by a cons i s -
tan t increase upto a c e r ta in maximiom (Ghouse and Iqba l 1977; 
Khan e t 1983), 
In the present study, the observat ions on ray i n i t i a l s 
r e v ea l that they do not exper ience any apprec iab le change in t h e i r 
i nd i v i dua l dimensions in r e l a t i o n to the inc rease in the circum-
f e r ence of the cambial c y l i n d e r . However, they mul t ip l y cons ider -
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ably t o become m u l t i s e r i a t e i n the o lde r ax is as has been 
r epor t ed by severa l e a r l i e r workers (Ba i l ey 1923; Braun 1955; 
Ghouse and Yunus 1973; Ghouse and Iqba l 1977; Khan 1977; Iqba l 
1979; Khan 1980; Klian ^ 1983). 
The r a t i o of ray and fus i f o rm i n i t i a l s d i f f e r s in axes 
o f d i f f e r e n t g i r t h . The propor t ion of ray i n i t i a l s , genera l l y * 
inc reases gradual ly with the growing g i r t h of the axes and 
v a r i e s from 23-31% in F. i n f e c t o r i a and from 22-33% in F. 
r e l i g i o s a . S imi lar s i tua t i on has already been repor ted by 
Ghouse and Yunus (1973) in the case of Dalberq ia s i s soo ; by 
Ghouse and Iqba l (1977) in Prosopis sp i c i q e ra ; by Hashmi (1977) 
iri Delonix req ia* Mimusops e l eng i and P o l y a l t h i a l o n q i f o l i a ; by 
Khan (1977) in Psidium guajava; by Khan (1980) in Cal l is temon 
c i t r i nus/ Eucalyptus maculata and Eugenia jambolana; by Khan 
e t a l . (1983) in C i t rus s inens i s . 
As f a r as the dimensional v a r i a t i o n s , in r e l a t i o n t o 
d i f f e r e n t seasonal changes are concerned, i t has been no t i ced 
that the length and width average of fus i f o rm i n i t i a l s as we l l as 
the magnitude of ray i n i t i a l s vary t o some extent depending on 
the t ime of development of new cambial i n i t i a l s and the per iod of 
t h e i r growth. S im i l a r l y , f requency of u n i s e r i a t e and short 
cambial rays have been found t o occur in a c t i v e per iod than in the 
i n a c t i v e phase of cambium. Recent workers on some t r o p i c a l t r e e s 
have recorded such changes both in s i z e and in magnitude of the 
d i f f e r e n t types of cambial i n i t i a l s (Yunus 1976; Hashmi 1977; 




Secondary xylem cons i s t s of var ious types of elements 
such as tracheidS/_ vesse l members^ f i b r e s , a x i a l parenchyma, 
ray c e l l s and sometimes s ec r e t o ry c e l l s . The ir occurrence and 
the arrangement vary in d i f f e r e n t groups of p l an t s . The 
q u a n t i t a t i v e d i f f e r e n c e s in the number of c e l l s , as we l l as in 
the s i z e of elements that e x i s t between the spec ies o f a s i n g l e 
genus make i t poss i b l e t o i d e n t i f y the p lant by i t s secondary 
xylem alone. Dicotyledonous wood i s more complex than that o f 
gymnospermous wood because the d i f f e r e n t elements of d i c o t y -
ledonous wood vary more in s i z e , shape, type and arrangement, for 
example, in the secondary xylem of Quercus, v e s s e l s , t rache ids , 
f i b r e - t r a c h e i d s , l i b r i f o r m f i b r e s , ge la t inous f i b r e s , wood 
parenchyma and ray of d i f f e r e n t s i z e s are found. Although there 
are many spec ies of Juglandaceae in which wood do not show much 
v a r i a t i o n s in the type of elements and cons i s t s of v e s s e l s , 
parenchyma c e l l s and only f i b r e - t r a c h e i d s (Fahn 1982), 
The c h a r a c t e r i s t i c f e a t u r e in the secondary xylem of 
d i co ty l edons i s the arrangement of v esse l s and ax i a l parenchyma. 
When the v esse l s are almost equal in diameter and uni formly 
d i s t r i b u t e d throughout the wood, or when there i s only a gradual 
change in s i z e and d i s t r i b u t i o n throughout the growth r i n g , the 
wood i s termed d i f f u s e -po rous wood, f o r example, Acer spp. , 
Populus alba. Acacia cyanophyl la . P lea europaea. Eucalyptus 
spp. (Fahn 1982), Dalberg ia spp. (Yunus 1976), Delonix r e g i a , 
Mimusops e l eng i and P o l y a l t h i a longifo3J.a (Hashmi 1977), Acacia 
n i l o t i c a and Prosopis sp i c i q e ra ( I qba l 1979). Severa l Myrtaceae 
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members are found t o have d i f f u s e -po rous wood/ such as some 
spec ies of Eucalyptus (Dadswell 1972), Psidium quajava (Khan 
1911), Cal l istemon c i t r i n u s , Eucalyptus maculata and Eugenia 
i ambolana (Khan 1980) and 12 spec ies of Eucalyptus (Khan ^ a l . 
1980). In the p resent l y i n v e s t i g a t e d spec ies a l so , the wood 
i s found to be d i f f u s e - p o r o u s . The v esse l s may form c l u s t e r s 
i . e . , i r r e g u l a r groups, f o r example, in P i s t a c i a (Fahn 1982). 
The v e s s e l s are found s o l i t a r y and in short r a d i a l mu l t i p l e s 
of 2-4 and o f t en 6 in both the i n v e s t i g a t e d spec i es . 
In d i f f e r e n t d icoty ledonous spec ies , the amount of 
a x i a l parenchyma shows wide v a r i a t i o n s . In some spec i es , there 
i s very l i t t l e a x i a l parenchyma or i t may be absent whi l e in 
o thers i t c ons t i tu t e s a very l a r g e por t i on of the wood. Apart 
from the v a r i a t i o n s in the amount of a x i a l parenchyma, they 
a l so d i f f e r in i t s d i s t r i b u t i o n in the secondary xylem. The 
mode of d i s t r i b u t i o n of a x i a l parenchyma i s used as a taxonomic 
character in d i f f e r e n t spec ies (Fahn 1982). 
The ax ia l parenchyma i s t y p i c a l l y paratrachea l in both 
the spec ies and c o n s t i t u t e 39% and 34% of the t o t a l t r ansec t i ona l 
area in F. i n f e c t o r i a and F. r e l i q i o s a r e s p e c t i v e l y . 
A l o t of work has been done on the v a r i a t i o n s in s i z e 
of xylem f i b r e s of var ious gymnosperms and d i co ty l edons (B isse t 
and Dadswell 1949; Money e t a l . 1950; Scaramuzzi 1955; Ba i l ey 
1957; Hejnowicz and Hejnowicz 1958; Dinwoodie 1961; Car lqu is t 
1962; Fahn and Leshem 1963; Kedharnath e t a l . 1963; Parames-
waran 1964; Burlcy 1969; Dadswell 1972; Sundersivarao e t a l . 
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1973; Purkayastha e t a l . 1974; Sundersivarao and Nazma 1977; 
Khan e t 1979 h, c ; Khan 1980). In the p resen t l y i n v e s t i g a t e d 
spec i es , F. r e l i q i o s a i s found t o possess the l onges t xylem 
f i b r e s ^ w h i l e the shor tes t f i b r e i s found in F, i n f e c t o r i a . 
Observat ions on the xylem f i b r e s r e v ea l that they 
exper ience ap ica l i n t r u s i v e growth t o the extent of 3.54 and 
4.4 t imes over the s i z e of t h e i r mother i n i t i a l s in F. i n f e c t o r i a 
and F. r e l i q i o s a r e s p e c t i v e l y . S im i l a r l y Khan ^ _al. (1979 b) 
have repor ted tha t the xylem f i b r e s in Eucalyptus camaldulensis 
and E. papuana grow i n t r u s i v e l y t o the extent of about 1.54-1.8 
t imes over t h e i r mother i n i t i a l s . Khan e t a l . , again in 1979 c 
have shown that in some verbenaceae the extent of ap i ca l growth 
in xylem f i b r e s va r i e s from 1,8 - 5.4 times over t h e i r mother 
i n i t i a l s in d i f f e r e n t spec i es . Recent ly , Khan (1980) have 
recorded the ap ica l i n t r u s i v e growth to the extent of 1.4 t o 1.6 
t imes over the s i z e of t h e i r mother i n i t i a l s in some Myrtaceae 
members. But Cheadle (1937) has found cons iderab le v a r i a t i o n s in 
h i s r epor t on some woody L i l i a c e a e . He found the xylem f i b r e s t o 
grow 15-40 times over the s i z e of t h e i r mother i n i t i a l s . However, 
the present f i nd ing on the two Moraceae members go in conformity 
with some o f the recent r epo r t s . 
S u f f i c i e n t work has been done on s i z e v a r i a t i o n of 
t rache ids and f i b r e elements of var ious gymnosperms and d i c o t y -
ledons in r e l a t i o n to d is tance from the p i th and he ight from the 
ground (B i sse t and Dadswell 1949; Scaramuzzi 1955; Hejnowicz and 
Hejnowicz 1958; Dinwoodie 1961; Car lqu is t 1962; Kedharnath ^ a l . 
1963; Parameswaran 1964; Hurley 1969; Pattanath 1972; Purkayastha 
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e t a l . 1974) but the in format ion i s s t i l l i n s u f f i c i e n t r egard-
ing the vesse l elements (Hejnowicz and Hejnowicz 1958; Khan 
1980; Khan ^ 1980), 
In the present study, both the spec ies show an 
apprec iab le increase of v e sse l diameter in the o l de r parts of 
the stem/ whi l e the wood of younger shoots c ons i s t of v esse l s 
wi th medium lumen. Thus/ as the t r e e ages, the wood becomes 
l e s s e r in the nximber of v e s s e l s but simultaneously i t shows 
cons iderab le increase in the lumen s i z e of the v e s s e l s , A 
s im i l a r observat ion has been recorded by Khan (1977) in 
Psidium quaj ava and by Khan (1980) in Cal l istemon c i t r i n u s and 
Eucalyptus maculata. However, in Prosopis sp ic iqera/ in s p i t e 
o f an apprec iable inc rease of v esse l diameter in the o lder 
pa r t s of the stem, the r e l a t i v e proport ion of the elements do 
not increase corresponding ly per un i t area and remains almost 
constant a f t e r exper ienc ing some i n i t i a l f l u c t u a t i o n s ( I qba l 
and Ghouse 1977 a ) . S imi lar observat ions has been recorded by 
Khan (1980) in Eugenia jambolana. 
The r a d i a l and t angen t i a l diameters of v e s s e l s r e v ea l 
a gradual increase with the increase in g i r t h of the stem ax is 
u n t i l a maximum i s reached and then a constancy f o l l o w s in F. 
i n f e c t o r i a as has been r epor t ed by Khan (1980) in some Myrtaceae 
members. But in F. r e l i q i o s a , they do not f o l l o w any cons i s -
t e n t pa t t e rn . Although the narrow Ixomen vesse l s are more 
f r equent in young shoots and broader ones at the base as has 
e a r l i e r been repor ted by I qba l and Ghouse (1977 a ) . 
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Fol lowing the v e s s e l length from top towards the base 
a t var ious he ight l e v e l s from the ground/ the length average of 
v e s se l s in F. i n f e c t o r i a shows a gradual decrease upto base/ in 
cont ras t to F. r e l i q i o s a / where i t shows a steady increase 
towards the base. Contrary t o above/ in Prosopis sp i c i q e ra 
( I qba l and Ghouse 1977 a ) ; Psidiiim quajava (Khan and Ghouse 
1977); and Eucalyptus maculata (Khan 1980) the length of v e s s e l 
elements i n i t i a l l y increases and tends t o remain constant f o r 
some d is tance and f i n a l l y dec l ines near the ground l e v e l . Khan 
(1980) has a lso found/ the v e sse l length of Eugenia lambolana 
t o undergo a gradual inc rease with the increase in the g i r t h of 
the stem ax is t i l l they a t t a in t h e i r maximal s i z e and then a 
constancy i s f o l l owed . She has a lso repor ted tha t there i s no 
s i g n i f i c a n t change in v e s s e l length with the inc rease in the 
g i r t h of the stem axis of Cal l is temon c i t r i n u s . 
The amount of a x i a l parenchyma v a r i e s in d i f f e r e n t 
d icoty ledonous spec i es . In some spec ies there i s very l i t t l e 
a x i a l parenchyma/ or i t i s e n t i r e l y absent as in Scaevola 
(Car l qu i s t 1970). In both the Moraceae members inves t i ga t ed/ 
the amount of ray and ax i a l parenchyma g ene ra l l y increases wi th 
the increase in diameter o f the ax i s , a l b e i t of some minor 
f l u c t u a t i o n s as has e a r l i e r been recorded by Khan (1977) and 
I q b a l (1979). Khan (1980) has a l so repor ted a s im i l a r trend in 
Cal l is temon c i t r i n u s and Euqenia .1 ambolana but in Eucalyptus 
maculata she found a r e ve r se t rend. 
As f a r as the dimensional v a r i a t i ons of vesse ls/ 
f i b r e s / he ight and width of xylem rays and ray i n i t i a l s in r e -
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l a t i o n to d i f f e r e n t weather cond i t i ons are concerned/ they 
do not show any cons iderab le change. Khan (1977) in Psidium 
guajava and Khan (1980) in Cal l is temon c i t r inus^ Eucalyptus 
maculata and Eugenia 1 ambolana have a lso repor ted same 
observat ions regarding the seasonal e f f e c t . 
Monthly c o l l e c t i o n s of the adult wood of the s e l e c t ed 
spec ies have revea l ed that the area occupied by the d i f f e r e n t 
components of the xylem, in t ransverse plane, show minor 
f l u c t u a t i o n s . 
Both the systems-of xylem parenchyma do not exh ib i t 
any d i r e c t r e l a t i o n s h i p with each other as f a r as the accumula-
t i o n of starch and tannins i s concerned. However, during the 
a c t i v e phase of cambium, the accumulation of starch i s not i ced 
t o be l e s s e r wh i l e tannins depos i t i on do not show any s i g n i f i -
cant change in both the i n v e s t i g a t e d spec i es . A s im i l a r trend 
o f accumulation of starch and tannins has been repor ted by Khan 




As compared to the secondary xylern of the d i co ty l edons , 
the secondary phloem has r e l a t i v e l y compl icated s t ruc ture . How-
eve r , the p r i n c i pa l arrangement of c e l l s in the secondary phloem 
p a r a l l e l s that of secondary xylem. The secondary phloem cons i s t s 
o f two we l l de f ined systems of c e l l s v i z . , a x i a l or v e r t i c a l and 
ray or ho r i zon ta l system. The c e l l s of the a x i a l system are 
de r i v ed from the fus i f o rm i n i t i a l s of the cambium whi l e the ray 
system develops from the ray i n i t i a l s (Esau 1965). The ax i a l 
system i s composed of s i e ve - tube members accompanied by one or 
more companion c e l l s , a x i a l parenchyma, f i b r e s , s c l e r e i d s and 
occas i ona l l y l a t i c i f e r s . The ho r i z on ta l system i s mainly 
composed of parenchyma c e l l s . In some cases, l a t i c i f e r s (Metcal f 
and chalk 1950), f i b r e s and s c l e r e i d s a lso deve lop in the ray 
system (Khan ^ a l . 1976). During the course of present i n v e s t i -
ga t i ons , i t has been found tha t in both the spec ies i n v e s t i g a t e d 
l a t i c i f e r s are con f ined only t o the ray system as i t has been 
r epor t ed e a r l i e r by Metcal f and chalk (1950). 
L ike other d icoty ledonous spec ies , the Moraceae members 
s tudied at present a lso e x h i b i t a g r ea t d i v e r s i t y in the mode of 
d i s t r i b u t i o n of ph lo i c components. The phloem f i b r e s are found 
in small f a s c i c l e s in both the i n v e s t i g a t e d spec i es . Their mode 
o f d i s t r i b u t i o n has been no t i c ed to g i v e a c h a r a c t e r i s t i c look to 
the bark as has been repor ted by Holdheide (1951); Chattaway 
(1953, 1955 a, b, c , d, e, 1959); Chang (1954 a, b ) ; Zahur (1959); 
Bamber (1962); Esau (1964); Outer (1967); Ghouse and Sabir (1974); 
Ghouse and Yunus (1974 c , 1975, 1976 b ) ; Ghouse ^ a l . (1975 c , 
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1976 b, 1979 b ) ; Ghouse and S idd iq i (1976); Khan e t (1976, 
1978); Siddicjui ^ ^ (1976); Ghouse and Hashmi (1977b, 1979 a, 
1980 b ) ; Ghouse and Jamal (1978); Khan (1980); Khan and Khan 
(1983) . 
The s i eve - tube members are arranged in a l i n ea r order 
t o form long tubular pathways f o r the t rans loca t i on of synthe-
s i sed but so lub le mate r i a l s to the p laces o f a c t i v e growth on 
reg ions of s torage in both the spec ies i n v e s t i g a t e d . The end 
wa l l s of the s i eve - tube members are conspicuously t ransverse 
and possess simple s i e ve p l a t e s i n d i c a t i n g that they are 
p h y l o g e n e t i c a l l y advance (Esau 1965; Fahn 1982). L ike many 
other d i co ty l edons (Esau 1965; Ghouse and Yunus 1975; Yunus 
1976; Hashmi 1977; Khan 1977; I qba l 1979; Khan 1980; Fahn 1982) 
the l a t e r a l wa l l s of these elements are a lso found to have 
numerous s i e ve areas through which l a t e r a l communication i s 
maintained with contiguous elements. Each s i eve - tube member i s 
found to have one or more c l o s e l y assoc ia ted companion c e l l s in 
both the spec ies i n v e s t i g a t e d as i t has been repor ted e a r l i e r by 
Esau (1965); Lawton and Lawton (1971); Ghouse and Hashmi (19 76) ; 
Yunus (1976); Khan (1977); Ghouse and Hashmi (1979 a, 1980b); 
I qba l (1979); Khan (1980); Fahn (1982). 
The length o f s i eve - tube members i s g ene ra l l y found t o 
be shorter than t h e i r mother i n i t i a l s - the fus i f o rm i n i t i a l s , 
as has e a r l i e r been repor ted in Pyx'us malus (Evert 1963 b ) ; 
Dalberg ia spp. (Ghouse and Yunus 1975); Delonix r e g i a , Mimusops 
e l eng i and P o l y a l t h i a l o n q i f o l i a (Hashmi 1977); Psidiuin guajava 
(Khan 1977); Prosopis sp i c i g e ra ( Iqba l and Ghouse 1977 b ) ; Acacia 
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n i l o t i c a ( I qba l 1979) and Cal l ls temon c l t r inus/ Eucalyptus 
maculata and Eugenia jambolana (Khan 1980). 
The secondary phloem in the p resent l y i n v e s t i g a t e d 
spec ies i s separated i n t o func t i on ing and nonfunct ioning phloem. 
The p r i n c i pa l components of the func t i on ing or conducting phloem 
are the s i e ve elements along with companion c e l l s / sclerenchyma/ 
the a x i a l and ray parenchyma. In the nonfunct ioning or non-
conducting zone, the s i e v e tubes no longer serve as conducting 
elements due t o the presence of th i ck l aye rs of d e f i n i t i v e 
c a l l o s e on t h e i r end wa l l s asvwel l as on the l a t e r a l wa l l s . A f t e r 
some time the shape of the s i e v e elements ge ts changed due t o the 
pressure exer ted by the expansion of the ax i a l and ray parenchyma 
c e l l s . In some other d i co ty l edons , almost s imi la r type of de-
format ion of s i e v e elements has been no t i ced by Cheadle and Esau 
(1964) in L i r iodendron; Khan (1977) in Psidium guajava; Ghouse 
and Hashmi (19 79 a) in P o l y a l t h i a l o n g i f o l i a and (1980 b) in 
Delonix r e g i a ; Khan (1980) in Cal l is temon c i t r i n u s , Eucalyptus 
maculata and Eugenia jambolana. La t e r , the d i s i n t e g r a t i o n of 
p r o t op l a s t and crushing of the s i e v e elements occur in the non-
conducting reg ion as i t happens in c e r t a i n c o n i f e r s (Abbe and 
C r a f t s 1939) and in some angiosperms, e . g . , in Dalberg ia spp. 
(Ghouse and Yunus 1975); in Psidi\jm guajava. Eucalyptus ebb an o en-
s i s , E. p y r i f o rm i s , Syzygiiom cumini and Cal l is temon c i t r i n u s 
(Ghouse ^ _al. 1976 b ) ; in P o l y a l t h i a l o n g i f o l i a and Delonix 
r e g i a (Ghouse and Hashmi 1979 a, 1980 b) in Cal l istemon c i t r i n u s . 
Eucalyptus maculata and Eugenia jambolana (Khan 1980). The ray 
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parenchyma c e l l s of the nonconducting zone are comparat ive ly 
l a r g e r than of the conducting zone as they p r o l i f e r a t e t o the 
ex tent o f forming wide wedges and become d i l a t e d as has been 
repor ted by severa l e a r l i e r workers (Schneider 1945/ 1952, 1955; 
Chattaway 1955 d; Whitmore 196 2; Esau 1965; Ghouse and Yunus 
1974 c ) . 
During a calendar year , the depth of conducting phloem 
i s found t o vary from 78-197 jam in F. i n f e c t o r i a and from 46-
161 j^am in F, r e l i g i o s a . The maximum depth i s no t i c ed in the 
month of December in F. i n f e c t o r i a and in November in F, r e l i -
g i o sa , These observat ions are in co inc idence with the genera l 
concept that the func t i ona l phloem forms only a f r a c t i o n of a 
m i l l i m e t e r (Lavrton and Lawton 1971; Lawton 1972; Ghouse and 
Hashmi 1976; Yunus 1976; Khan 1977; Ghouse and Hashmi 1979 a, 
1980]p;lqbal 1979; Khan 1980)« 
As f a r as the length and lumen s i z e of s i e v e elements, 
in d i f f e r e n t seasons are concerned they do not show any s i g n i f i -
cant change in both the i n v e s t i g a t e d spec i es . S imi lar observa-
tions have been recorded e a r l i e r by Munch (1943); Esau and Cheadle 
(1959); Evert ^ a l , (1969); Tucker and Evert (1969); Lawton 
(1972); Yunus (1976); Hashmi (1977); Khan (1977); Khan (1980). 
Ana lys i s of the s i eve - tube area of the conducting zone 
has r e vea l ed that i t v a r i e s from 21-36% in F, i n f e c t o r i a and 
26-38% in F, r e l i g i o s a . C ra f t s (1931, 1933) found about 17% and 
23% of the phloem to be a c t i v e in cucurb i t stems and pota to 
s to lons r e s p e c t i v e l y aiid considered o n e - f i f t h of the phloem t o be 
engaged in t r ans l o ca t i on . Munch (19 30, 1943) measured two - th i rd 
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of the phloem as a c t i v e in some t r e e trunks. La te r , Geiger e t 
a l . (1969) and Evans ^ a l . (1970) obtained about 30% of the 
phloem to be a c t i v e in the sugar bee t p e t i o l e s and wheat 
peduncles r e s p e c t i v e l y . However, Lav/ton and Canny (1970) and 
Canny (1973) considered two- th i rd f a c t o r of Munch to be more 
appropr iate t o adopt f o r the purpose of c a l cu l a t i ons in s p e c i f i c 
mass tr 'ansfer s tudies than C r a f t s o n e - f i f t h va lue . But the 
present f i nd ings do not agree with the e a r l i e r r epor t s of C r a f t s 
(1931, 1933) and i t i s suggested that b e f o r e making any genera-
l i z a t i o n regard ing the phloem engaged in t r ans l o ca t i on , a tho -
rough survey of l a r g e number of spec ies be made as has been 
suggested by Lawton (1972); Grange and Pee l (1975); Ghouse and 
Hashmi (1976); Ghouse ^ (1975b); Khan (1977, 1979); Ghouse 
and I qba l (1978); Khan (1980). 
The length of s i e ve - tube members, a f t e r an i n i t i a l 
inc rease in l ength , decreases a b i t and then increases with the 
increase in stem circumference in both the i n v e s t i g a t e d spec i es . 
Contrary t o above, Yunus (1976), Hashmi (1977), I qba l and Ghouse 
(1977 b ) , I qba l (1979) and Khan (1980) have r epor ted that the 
s i z e of s i eve - tube members increases with the increas ing age o f 
the t r e e but s u f f e r s a s l i g h t d e c l i n e in the basal par t of the 
t r e e trunk which may be due to the prox imi ty of r oo t system 
(Hejnowicz and Hejnowicz 1958) or due t o the aging e f f e c t on 
cambial c e l l s i z e (Ghouse and I qba l 1977). Hov/ever, Khan (1977) 
has repor ted that the length of s i e ve - tube members increases with 
the inc rease in the stem diameter. 
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Studies on the lumen s i z e of s i e ve - tube members of 
both the i n v e s t i g a t e d spec ies have r e v ea l ed that the r ad i a l 
and t angen t i a l diameters expedience a steady increase with the 
inc reas ing g i r t h o f the stern axes. This i s in co inc idence with 
the e a r l i e r r epor t s of Yunu.3 (1976), Kashmi (1977), I qba l and 
Ghouse (1977 b ) . Khan (1977). I qba l (1979) and Khan (1980). 
Accumulation of starc::h and tann i f e rous substances in 
the conducting phloem has been found c l o s e l y r e l a t e d to the 
cambial act iv i ty^, In both the i n v e s t i g a t e d spec i es , the c e l l s 
i n d i c a t e poor accumulation or complete absence of these subs-
tances during the a c t i v e phase of cambium whi le they are 
comparat ive ly r i c h during tinie i n a c t i v e periodo Khan (1980) has 
a l so observed s im i l a r s i tua t i on in c e r t a in Myrtaceae memberso 
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P e r i o d i c i t y of cambluni; 
The vascular cambium shows g r ea t v a r i a t i o n in the pe r i od 
and i n t e n s i t y of a c t i v i t y . These v a r i a t i ons are the r e su l t s of 
many in t e rna l and ex terna l f a c t o r s (Reinders-Gouv^entak 1965; 
Ph i l ipson e t 1971), There are p lants whose cambium i s 
a c t i v e throughout the e n t i r e l i f e of the p lant i , e , the cambial 
c e l l s d i v i d e continuously and the r e su l t i n g c e l l s undergo 
gradual d i f f e r e n t i a t i o n t o form the xylem and phloem elements. 
Th is type of a c t i v i t y i s usua l l y found in p lants growing, in 
t r o p i c a l reg ions (Alvim 1964; Ph i l ipson ^ a l , 1971; Fahn 1982), 
However, not a l l t r o p i c a l t r e e s e x h i b i t a continuous cambial 
a c t i v i t y (Coster 1927-28; Chowdhury 1940/ 1969; Fahn and Sarnat 
1963; Mariaux 1967; Lawton 1972; Rao 1972; Yunus 1976; Hashmi 
1977; Khan 1977; Iqba l 1979; Ghouse and Hashmi 1979b; Khan 1980; 
Fahn ^ 1981). A l o t of work has been done on the cambial 
a c t i v i t y of temperate t r e e s (Studhal ter et a l . 1963; Esau 1965; 
Kozlowski 1971; Ph i l ipson ^ a l . 1971), but the work on the 
cambial a c t i v i t y of t r o p i c a l t r e e s i s s t i l l i n s u f f i c i e n t 
(Chowdhury 1940, 1968, 1969; Fahn and Sarnat 1963; Pa l iwa l and 
Prasad 1970; Lawton 1972; Rao 1972; Chou and Chiang 1973; Lu and 
Chiang 1975; Chiang 1976; Pa l iwa l ^ a l . 1975; Yunus 1976; Khan 
1977; Iqba l 1979; Ghouse and Hashmi 1979b; Khan 1980; Fahn ^ a l . 
1981) . 
Present s tudies on the two Moraceae members r e v ea l that 
ins t ead of a continuous growth, the cambium f o l l o w s a pe r i od i c 
a c t i v i t y as has been repor ted by e a r l i e r workers in some other 
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Indian t r o p i c a l t r e e s (Chowdhury 1939, 1940, 1957, 1968, 1969; 
Chowdhury and Tandon 1950; Pa l iwa l and Prasad 1970; Pa l iwa l e t 
1975; Yunus 1976; Hashmi 1977; Khan 1977; I qba l 1979; 
Ghouse and Hashmi 1979b; Khan 1980). The r a d i a l groxvth in the 
p resen t l y i n v e s t i g a t e d spec ies i . e . in F. i n f e c t o r i a , i t occurs 
f o r a per iod of s i x months and in P. r e l i g i o s a f o r about four 
months. 
Various methods are used t o determine the cambial 
a c t i v i t y . P r i e s t l e y ^ (1933) f o r the f i r s t t ime demons-
t r a t e d that the ease by which the bark may be pee led i s an 
i n d i c a t i o n of cambial a c t i v i t y , and he named the phenomenon as 
" s l i p p i n g of the bark " . The nximber of l a y e r s of u n d i f f e r e n t i a t e d 
c e l l s has been g iven emphasis whi le r ecogn i z ing the cambial r e -
a c t i v a t i o n and a c t i v i t y by Pa l iwa l and Prasad (1970) and Pa l iwa l 
e t a l . (1975) in Dalberq ia s i ssoo and P o l y a l t h i a l o n g i f o l i a 
r e s p e c t i v e l y . E a r l i e r workers have employed seve ra l other 
c r i t e r i a t o recogn i ze the r e a c t i v a t i o n of cambium. Among the 
important work in t h i s r e l a t i o n are of Knudson (1913); Lodewick 
(1928); Wight (1933); Chowdhury (l939); Preston and Wardrop (1949); 
Hodge and Wardrop (1950); Wareing (1951); Ladefoged (1952); 
Preston and R ip l ey (1954); Samish (1954); Wardrop (1954); 
Wareing and Roberts (1956); Wilcox (1962); Evert (1963a); 
Sr i vas tava and O'Brien (1966); Mahmood (1968); Robards and 
Kidwai (1969); Waisel ^ (1970). Waisel and Fahn (1965) 
have developed a new method by which both the r a t e s of c e l l 
d i v i s i o n and c e l l d i f f e r e n t i a t i o n can be determined. This 
method i n vo l v e s the app l i ca t i on of r a d i o a c t i v e carbon to photo-
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synthes i z ing p lan ts . I f the cambiuin i s a c t i v e the r a d i o a c t i v e 
carbon i s incorporated in the newly formed c e l l wa l l s where i t 
can e a s i l y be de tec ted by autoradiographic techniques. 
As has already been repor ted , there are p lants in which 
the cambiuin remains a c t i v e throughout the year and those in which 
there i s a break/ which may be as long as 8 months in durat ion. 
In the Mediterranean reg ion and in hot deser t r eg i ons i t i s 
p o s s i b l e t o f i n d both the above two as we l l as in termedia te types 
(Oppenheimer 1945 ; Messeri 1948; Minerv in i 1948; Fahn 1953/ 
1955/ 1958a/ h, 1959a, h, 1962; Fahn and Sarnat 1963). 
During t h i s study/ the p e r i o d i c i t y of cambiuin has been 
studied using a number of c r i t e r i a . The beginning of cambial 
r e a c t i v a t i o n has been recogn ized by the r a d i a l expansion of 
cambial i n i t i a l s but i t s a c t i v i t y has been counted from the 
actual c e l l d i v i s i o n and not from the time of any h istochemica l 
change or r a d i a l expansion of the i n i t i a l s . The cessat ion of 
a c t i v i t y has been recogn ized by the c l o s ing of c e l l d i v i s i o n 
which normally precedes the histochemical changes in the i n i t i a l s . 
The vascular cambium/ in both the i n v e s t i g a t e d species/ 
a f t e r exper iencing a d e f i n i t e pe r i od of dormancy/ undergo r e a c t i -
va t i on once in a year . The f i r s t s ign of r e a c t i v a t i o n i s i n d i c a -
t ed by a s l i g h t increase in the s i z e of cambial i n i t i a l s in the 
r a d i a l d i r e c t i o n . This phenomenon has been descr ibed as 
"Swe l l i ng " of the cambial c e l l s by some e a r l i e r workers (Chowdhury 
1969; Yunus 1976; Khan 1977; Ghouse and Hashmi 1979b; Iqba l 1979; 
Khan 1980), The c e l l s in the cambial zone undergo r a d i a l expan-
sion in the f i r s t week July xilT'-^, . j j i f e c t o r i a and in the f i r s t 
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week of August in F, r e l i g i o s a . In F. i n f e c t o r i a t h i s swe l l ing 
phenomena occurs about three weeks b e f o r e the c e l l s s t a r t d i v i d -
ing to produce new d e r i v a t i v e s and in F, r e l i g i o s a i t occurs 
about two weeks ago. 
The cambial zone, a f t e r exper ienc ing swe l l ing phenomenon/ 
undergoes c e l l d i v i s i o n . During t h i s per i od , i t shows a number 
o f h istochemical changes in the i n i t i a l s i . e . a reduct ion in the 
c e l l p ro t op las t dens i ty as w e l l as l o s s of chromat ic i tY and the 
leaning of c e l l wa l l as a consequence of reduct ion in wa l l thick-
ness and the s i z e of beaded s t ructure of r a d i a l w a l l s . A dec-
rease in the accumulation of starch and tannins i s a lso observed 
during t h i s per i od , Derr and Evert (1967) in Robin ia pseudoa-
c a c i a ; Tucker and Evert (1969) in Acer negundo; Yunus (1976) in 
Da lberg ia s i ssoo ; Khan (1977) in Psidium guajava; I qba l (1979) 
in Acacia n i l o t i c a and Prosopis^ sp i c i g e ra ; Ghouse and Hashmi 
(1979b) in P o l y a l t h i a l o n g i f o l i a and Khan (1980) in Cal l istemon 
c i t r inus/ Eucalyptus maculata and Eugenia jambolana/ have a lso 
r epor t ed s imi la r changes in the s t ructure and nature of cambial 
i n i t i a l s . In the present study, the cambial i n i t i a l s have been 
no t i c ed t o i n i t i a t e c e l l d i v i s i o n in l a t e July i n F, i n f e c t o r i a 
and in mid-August in F, r e l i g i o s a , i , e , , in the ra iny season 
which co inc ides with the e a r l i e r r epo r t s of Waisel ^ a l . (1970) 
i n Zygophyllum dumosuxri/ A l j aro ^ (1972) in Proust ia cune i -
f o l i a . Khan (1980) in Cal l istemon c i t r i n u s , and Eucalyptus macu-
l a t a . 
The cambium ceases t o funct ion in l a t e December in F. 
i n f e c t o r i a and in ea r l y December in F. r e l i g i o s a . Thus, in both 
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the species/ i t appears tha t the f a l l o f temperature br ings down 
the dormancy. Contrary t o t h i s Khan (1980) have r epor ted that 
in Eucalyptus maculata/ the f a l l of temperature do not impede 
the a c t i v i t y of cambium but appeared t o improve i t . whidh 
continued upto March. Fahn (1982) have a lso observed s imi la r 
s i t u a t i o n in the cambial a c t i v i t y of Eucalyptus camaldulensis 
where i t remained a c t i v e throughout the w inter . In Tamarix 
aphy l la a l so , he observed cambial a c t i v i t y in August-September 
which continued to y i e l d cambial products t i l l next spr ing . On 
the bas is of these observat ions Fahn (1959a/ 1982) has i n t e r -
p re t ed these a c t i v i t i e s t o be r e l a t e d t o g ene t i c a l make up of 
the spec ies ra ther than the environmental set -up. This has 
a l so been proved by Khan (1980) i n her studies on Eucalyptus 
maculata. 
In the present i n v e s t i g a t i o n , the cambium remains a c t i v e 
f o r about s i x months in F, i n f e c t o r i a and four months in F. 
r e l i g i o s a . S imi lar prolonged durat ion of r ad i a l growth, as i t 
has been not i ced in F, i n f e c t o r i a , i s repor ted e a r l i e r by Amos 
e t a l . (1950), Chowdhury (1968), Yunus (1976), Hashmi (1977), 
Khan (1977), I qba l (1979), Ghouse and Hashmi (1979b), Khan (1980) 
iri Eucalyptus maculata and Eugenia jambolana. The short dura-
t i o n of cambial a c t i v i t y , as i t happens in F, r e l i g i o s a , has 
a l so been not i ced e a r l i e r by Pa l iwa l and Prasad (1970) in 
Da lberg ia s i ssoo , Pa l iwa l e t (1975) in P o l y a l t h i a l o n g i -
f o l i a and Khan (1980) in Cal l is temon c i t r i n u s . 
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Xylem and phloem product ion: 
The xylem and phloem production show cons iderab le 
v a r i a t i o n in t ime and durat ion in both the i n v e s t i g a t e d spec i es . 
In F. I n f e c t o r i a / the nev/ly produced d e r i v a t i v e s f i r s t d i f f e r -
e n t i a t e i n t o xy l a r y elements in the month of August and i t 
continues upto October/ whi l e phloem formation takes p lace in 
the month of October and continues upto December. A s imi lar 
s i tua t i on of xylem and phloem production has been repor ted 
e a r l i e r in a niomber of t r o p i c a l as we l l as temperate forms both 
with deciduous and evergreen hab i t s . Khan (1977) in Psidiiom 
qua.lava^ an evergreen member of Myrtaceae has found that xylem 
production precedes that of phloem. S i m i l a r l y , in Mimusops 
e l e n q i , an evergreen member of Sapotaceae (Hashmi 1977), in 
Delonix reg ia/ a deciduous member of Leguminosae (Ghouse and 
Hashmi 1980b) and in Cal l istemon c i t r i n u s , Eucalyptus maculata/ 
Eugenia jambolana/ a l l evergreen t r e e s (Khan 1980) have found 
xy lan formation t o precede that of phloem. In a number of 
temperate forms also/ the xylem production i s found t o be e a r l i e r 
than phloem formation ( E l l i o t t 1935; Artschwager 1945; Fraser 
1952; Bannan 1955)o However, there are a lso r epor t s in which 
phloem formation precedes that of xylem product ion, e . g . , in 
Pyrus communis (Evert I960) , P. malus (Evert 1963a), Populus 
tremuloides (Davis and Evert 1968), Acer nequndo (Tucker and 
Ever t 1969), Dalberg ia s i ssoo (Yunus 1976), Acacia n i l o t i c a and 
Prosopis sp i c i g e ra ( Iqba l 1979) and P o l y a l t h i a l o n g i f o l i a (Ghouse 
and Hashmi 1979b). 
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Simultaneous production of xylem and phloem has a lso 
been repor ted in a n\imber of cases/ such as in T i l i a americana 
by Evert (1962)/ Deshpande (1967) and in V i t i s r i p a r i a by Davis 
and Evert (1970), S imi lar s i tua t i on has been observed in F. 
r e l i q i o s a in the present study/ where the newly produced d e r i -
v a t i v e s d i f f e r e n t i a t e i n t o x y l a r y as w e l l as ph lo i c elements 
s imultaneously. 
In F, r e l i q i o s a / b e f o r e the i n i t i a t i o n of cambial 
a c t i v i t y / a few l aye rs of new phloem are produced in March. I t 
seems to have developed from the outer d e r i v a t i v e s of the 
cambium/ which are produced at the i n a c t i v a t i o n of l a s t growth 
season and remained in l e s s d i f f e r e n t i a t e d or u n d i f f e r e n t i a t e d 
form. As they are not the products of current year cambial 
growth/ they are named aS/ precursor phloem. Precursor phloem 
format ion has a lso been repor ted in some Indian t r o p i c a l t r e e s 
by ^Ghou^e and Hashmi (1979a/ 1980b) and Khan (1980) as we l l as 
i n c e r t a i n temperate t r e e s l i k e Pyrus communis and P. malus by 
Ever t (1960/ 1963a)/ Robinia pseudoacacia by Derr and Evert 
(1967) and in Populus tremuloides by Davis and Evert (1968). 
The present i n v e s t i g a t i o n s r e vea l that the amount o£ 
xylem produced i s more as compared to phloem production in both 
the spec i es . This i s in co inc idence with the e a r l i e r repor ts 
worked out by Vtaisel ^ _al. (1966) in Eucalyptus camaldulensis; 
Yunus (1976) in Dalberqia s i ssoo ; Hashmi (1977) in Delonix reqia/ 
Mimusops e l eng i and P o l y a l t h i a l o n q i f o l i a ; I qba l (1979) in 
Acacia n i l o t i c a and Prosopis sp i c i qe ra and Khan (1980) in 
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Call istemon c i t r inus/ Eucalyptus maculata and Eugenia jambolana. 
However, in none o f the spec ies i n v e s t i g a t e d at present or 
studied e a r l i e r , the r a t i o of xylem and phloem comes as high as 
14:1 or 15:1 as has e a r l i e r been recorded by Wilson (1963) in 
Abies concolor and by Bannan (1955) in Thu.j a o c c i d e n t a l i s 
r e s p e c t i v e l y . According to Wilson (1964), the r a t i o of the 
number of xylem l a y e r s produced to the number of phloem l aye rs 
may 10:1 in v igorous c o n i f e r s wh i l e only 1:1 in slow growing 
ones. In the p resen t l y i n v e s t i g a t e d spec ies the r a t i o of xylem 
l aye r s produced to phloem l aye r s i s found t o be 3 .5 :1 in F. 
i n f e c t o r i a and 3 .7 :1 in F. r e l i q i o s a . S imi lar observat ions on 
the r a t i o of xylem and phloem has been repor ted by Waisel e t 
a l . (1966); Khan (1980) . But, contrary t o these r epo r t s . Khan 
(1977) has found that phloem i s produced tw ice the amount of 
xylem in a calendar year . 
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Longev i ty of phloem: 
In most of the d icoty ledons/ the funct ion ing par t of 
the phloem i s r e s t r i c t e d t o that of secondary phloem/ which i s 
produced in the l a s t growth season. Sometimes/ b e f o r e the 
cambium begins to produce new phloem, a l l or most of the s i e v e 
elements produced in the prev ious season cease t o func t i on 
(Fahn 1982). However^ in some plants/ e . g . T i l i a / the s i e v e 
tubes are a c t i v e throughout a n-umber of years and no changes 
have been observed t o take p l ace during the winter (Ever t 
1962). In V i t i s the phloem was observed to be a c t i v e f o r two 
seasons/ but, un l ike T i l i a / V i t i s l ays down th ick l a y e r s of 
c a l l o s e with the onset of w in te r , - These l a ye r s are subsequently 
resorbed in the spring b e f o r e the renewal of cambial a c t i v i t y 
(Esau 1948; Bernstein and Fahn 1960). In Fraxinus americana 
the nonfunct ional s i e v e tubes of the previous year are r e a c t i -
vated in spring and remain func t i ona l during the pe r i od when 
the buds develop and the young l eaves grow (Zamski and Zimmer-
mann 1979). I t should be mentioned that in p lants with inc lud -
ed phloem/ e . g . Bouga inv i l l ea and the woody spec ies of Cheno-
podiaceae, the phloem strands remain a c t i v e f o r many years 
(Fahn and Shchori 1967). However/ in ma jo r i t y of the plants/ 
the phloem turns nonfunct ional in the same season in which they 
are produced (Esau 1939, 1945/ 1950/ 1965; Huber 1939; /'xrtsch-
wager 1950; Evert 1960, 1963a; Davis and Evert 1966, 1968, 1970; 
Derr and Evert 1967; A l f i e r i and Evert 1968; Tucker 1968; Tucker 
and Evert 1969; Lawton 1972; Khan 1977; Ghouse and Hashmi 1979a, 
1980b; Khan 1980; Fahn 1982). In the present i n v e s t i g a t i o n a l so , 
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the s i eve - tube members become nonfunct iona l , in the same season 
in v/hich they are produced, due t o the accumulation of th i ck 
l a y e r s of d e f i n i t i v e c a l l o s e which covers the s i e v e p l a t e and 
l a t e r a l s i e v e areas. In both the spec ies i n v e s t i g a t e d phloem 
formation takes p lace during August-December, In F. r e l i q i o s a , 
precursor phloem formation a lso occurs in March out of the over 
wintered mother c e l l s . The precursor phloem amounts t o about 
100 ;am and remains func t i ona l f o r about 5 months and turns 
nonfunct ional l a t e r when the current year phloem i s produced 
in August. Precursor phloem formation has a lso been repor ted 
by Khan (1980) in Cal l istemon c i t r i n u s and Eugenia jambolana. 
The current year phloem in F. r e l i g i o s a remains func t i ona l upto 
February i . e . f o r about 7 months. In F. i n f e c t o r i a , phloem i s 
produced only once in a calendar year i , e , from October t o 
December and t h i s current y e a r ' s phloem becomes nonfunct ional 
due t o the depos i t i on of d e f i n i t i v e c a l l o s e as in F, r e l i g i o s a , 
and only about 78 jam in depth remains func t i ona l t i l l September. 
Thus, in F, i n f e c t o r i a the l o n g e v i t y of phloem extends upto 9 
months. However, in both the spec ies i n v e s t i g a t ed no s i eve - tube 
elements appears to r e v i v e back t o funct ion in spring a f t e r 
w in t e r . S imi lar observat ions have been recorded by Esau (1948) 
V i t i s v i n i f e r a ; G r i l l e s and Smith (1959) in Pseudotsuga 
t a x i f o l i a ; Evert (1962) in T i l i a americana; Anderson and Evert 
(1965) in Quercus alba; A l t i e r i and Evert (1968) in Pinus 
strobus; Tucker (1968) in Ulmas_ americana; Davis and Evert 
(1970) in V i t i s r i p a r i a ; Khan (1977) in Psidium guaj ava; Ghouse 
and Hashmi (1979a, 1980b) in P o l y a l t h i a l o n g i f o l i a and Delonix 
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r e g i a r e s p e c t i v e l y ; Khan (1980) in Cal l istemon c i t r inus^ 
Eucalyptus maculata and Eugenia jambolanj.. 
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ABSTRACT 
The present problem on the s t ructure and behaviour 
o f vascular cambium and i t s d e r i v a t i v e t i s sues - the food 
conducting (secondary phloem) and the water conducting 
(secondary xylem) pathways have been undertaken in r e l a t i o n 
t o d i f f e r e n t weather condi-cions o f the s tudy - s i t e and age 
o f the s e l e c t ed t r e e s (Ficus i n f e c t o r i a and F. r e l i g i o s e ) 
f o r two consecut ive years (1980 and 1981). The f i nd ings are 
being suiranarised as f o l l o w s : 
The vascular cambium cons i s t s of fus i f o rm and ray 
i n i t i a l s and forms a continuous cy l i nde r between xylem and 
phloem. The arrangement of fus i f o rm and ray i n i t i a l s i s 
s e m i - s t r a t i f i e d or semi -s to r i ed t ype . The length of fus i f o rm 
i n i t i a l s vary from 286-439 >im in F. i n f e c t o r i a and from 272-
380 ;jjn in F. r e l i g i o s a . In both the cases , the fus i f o rm 
i n i t i a l s are usual ly mul t inuc lea te and possess upto 5 nuc le i 
in one c e l l . 
The cambial make-up exh ib i t s c e r t a in va r i a t i ons in 
t h e i r dimensions under d i f f e r e n t weather cond i t i ons as we l l as 
in d i f f e r e n t age groups of both the spec ies i n v e s t i g a t e d . In 
i n f e c t o r j a., the fus i f o rm i n i t i a l s are noted t o be longer in 
the younger shoots than in the o lde r oneS/ whi le in F. r e l i -
g i osa they are found t o be longer in the s touter axes than in 
the s lender ones. 
Changes in the s i z e of ray i n i t i a l s of the spec ies 
i n v e s t i g a t e d do not ev ince any p a r t i c u l a r trend nor they are 
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so pronounced but they do undergo g r ea t e r m u l t i p l i c a t i o n . As 
a consequence, the ray i n i t i a l s occupy a r e l a t i v e l y g r ea t e r 
area in the cambial c y l inde r o£ the main trunks as compared to 
younger shoots. 
The wood in both the spec ies i s d i f f u s e porous with 
pores s o l i t a r y and..in short r ad i a l mu l t i p l e s of 2-4 and o f t en 
6. The rays are homocel lular and vary in he ight from 1-53 
c e l l s in P. i n f e c t o r i a and from 1-60 c e l l s in F. r e l i g i o s a / 
whi le t h e i r width vary from 1-6 and 1-7 c e l l s r e s p e c t i v e l y . 
Fo l lowing the mean vesse l l ength from top towards base 
i t shov7S a gradual decrease in length (312-224 jum) in F. i n f ec-
t o r i a , whi le in F, r e l i g i o s a i t shows a steady increase in 
length (266-311 ;ain) . Their pore s i z e r e v e a l s a gradual i n -
crease with the increas ing g i r t h u n t i l a maximum i s reached 
and then a constancy f o l l o w s in F. i n f e c t o r i a, whi le in F. 
r e l i g i o s a no s p e c i f i c trend of v a r i a t i o n in lumen s i z e has been 
no t i c ed . 
Observations on the xylem f i b r e s i n d i c a t e a p o s i t i v e 
inc rease with the grov.'ing s i z e of the trunk and t h e i r average 
ranges from 899-1245 ;am in F. in f e c t o r i a and from 1054-1292 
in F. r e l i g i o s a , but they do not show any s i g n i f i c a n t v a r i a t i o n 
in r e l a t i o n t o seasonal changes. The length average of v esse l 
v a r i e s from 120-450 um in F. in f e c t o r i a and from 150-440 jum in 
^B l i q i osa as a consequence of seasonal i n f l u e n c e . 
The bark cons i s t s of three d i s t i n c t zones v i z . , r h y t i -
dome, nonconducting phloem and conducting phloem. The s i e v e -
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tube members possess simple s i e ve p l a t e s on t h e i r t ransverse 
end wa l l s in both the spec i es . The average length of s i e v e -
tube members vary from 304-351 ;jm in F. in f e e t o r i a and from 
279-376 jLim "in F, r e l i g i p s a in d i f f e r e n t seasons. They occupy 
about 28% t ransec t i ona l area in F. i n f e c t o r i a and 31% in F. 
r e l i q i o s a . 
The length of s i e ve - tube members a f t e r an i n i t i a l 
inc rease in l ength , decreases a b i t and then increases with the 
inc rease in stem c ircumference in both the spec ies i n v e s t i g a t e d , 
whi l e a corresponding increase in the lumen s i z e of s i eve - tube 
members i s no t i ced with the increase in g i r t h o f the axes. 
The phloem f i b r e s are d i s t r i bu t ed throughout the 
secondary phloem and impart a c h a r a c t e r i s t i c look to the bark. 
They grow i n t r u s i v e l y by both ends about 3.2 and 4.1 t imes over 
the length of fus i f o rm in i t i a l s in F. i n f e c t o r i a and F. r e l i g i o s a 
r e s p e c t i v e l y . 
The phloem rays have been found to vary in he ight from 
1-52 c e l l s in F. i n f e c t o r i a and from 1-57 c e l l s in F. r e l i g i o s a , 
whi le t h e i r width vary from 1-5 c e l l s and 1-7 c e l l s r e s p e c t i v e l y . 
The vascular cambium undergo a c t i v a t i o n once in a year 
in both the i n v e s t i g a t e d spec ies . The c e l l s in the cambial zone 
undergo r ad i a l expansion in the f i r s t week o f July in F. i n f e c -
t o r i a and in the f i r s t week of August in F. r e l i g i o s a . The c e l l s 
s t a r t d i v i d ing in the t h i r d week of July in F. i n f e c t o r i a and in 
the mid-August in F. r e l i g i o s a . 
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The cainbiuin becomes dormant during I d t e December in F. 
i n f e c t o r i a , whi l e in F. r e l i g i o s a dormancy i s a t ta ined in ea r l y 
December. Thus, the cambium remains a c t i v e f o r about 6 and 4 
months r e s p e c t i v e l y . 
In F, i n f e c t o r i a xylem production precedes that of 
phloem, whi le in F. r e l i g i o s a / xylem and phloem formation i s 
simultaneous. The t o t a l amount of xylem produced i s measured 
about 1500-1700 ;um in F. i n f e c t o r i a and 1900-2200 >im in F. 
r e l i g i o s a in a calendar year . 
The phloem formation occurs from October t o December 
in F. i n f e c t o r i a and in August, October and November in F. 
r e l i g i o s a . Precursor phloem formation i s a lso no t i c ed in F. 
r e l i g i o s a during March. The precursor phloem remains func-
t i o n a l f o r about 5 months in F. r e l i g i o s a and the current y e a r ' s 
phloem f o r about 7 months, whi le in F. i n f e c t o r i a , the l onge -
v i t y o f phloem extends upto 9 months. The t o t a l amount of 
phloem produced i s measured about 450 pn in F. i n f e c t o r i a and 
about 535 ;um in F. r e l i g i o s a in a ca lendar year . 
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PHOTO 
PLATES 
PLATE 3;: Photomicrographs of cambial s t r i p s (Tannic 
ac id - F e r r i c c h l o r i d e preparat ions ) of F, i n f e c t o r l a 
in tangent ia l view at 250 x . 
A- A c t i v e cambium showing uni, b i and t r i s e r i a t e 
rays/ fus ion of two r a d i a l l y a l i gned rays , t rans-
verse segmentation in newly produced ray i n i t i a l s 
(un labe l l ed arrows) and formation of a ray i n i t i a l 
by terminal segmentation of fus i f o rm i n i t i a l (TS ) , 
B- A c t i v e cambiiam showing m u l t i s e r i a t e rays and 
pseudotransverse wa l l formations (un labe l l ed 
arrov;s) , 
C- A c t i v e cambium showing t ransverse segmentation in 
ray i n i t i a l (un labe l l ed arrow) and conversion of 
an in te rven ing fus i f o rm i n i t i a l i n t o ray i n i t i a l s 
(un labe l l ed arrow) . 
C- A c t i v e cambium showing pseudotransverse wal l 
formation (un labe l l ed arrows) and t ransverse seg-
mentation (TSF) in fus i f o rm i n i t i a l . 

PLATE I I : Photomicrographs of cambial s t r i p s (Tannic 
ac id - F e r r i c ch l o r i d e preparat ions ) of F, r e l i q i o s a in 
t angen t i a l v iew at 250 x . 
A- A c t i v e cambium showing fus ion of two radia l ly-
a l i gned rays and pseudotransverse wa l l formation 
(un labe l l ed arrows) in fus i fo rm i n i t i a l s , 
B- A c t i v e cambium showing l a t e r a l fus ion of two mu l t i -
s e r i a t e rays and pseudotransverse wa l l formation 
(un labe l l ed arrow) in fus i f o rm i n i t i a l . 
C- A c t i v e cambium showing s p l i t t i n g of rays by the 
conversion of ray i n i t i a l i n t o a fus i f o rm i n i t i a l 
(un labe l l ed arrow) and formation of new rays by 
l a t e r a l and terminal segmentation of fus i f o rm 
i n i t i a l s (un labe l l ed arrows) . 
D - A c t i v e cambium showing s p l i t t i n g of ray by the 
penetra t ion of fus i f o rm i n i t i a l (un labe l l ed 
arrow) . 
PLATE II 
PLATE I I I : Photomicrographs of catnbial s t r i p s (Tannic 
ac id - F e r r i c c h l o r i d e preparat ions ) o f F, i n f e c t o r i a 
i n tangent ia l view at 250 x . 
A- Cambivim showing beaded r a d i a l wa l l s , s p l i t t i n g o f 
ray by fus i f o rm i n i t i a l (un labe l l ed arrow) and 
m u l t i s e r i a t e r ays . 
B- Cambixjm showing beaded r ad i a l wa l l s and pseudo-
t ransverse d i v i s i o n in fus i f o rm i n i t i a l s (unla-
b e l l e d arrows) . 
C- Cambium showing m u l t i s e r i a t e rays and terminal 
fus ion of r a d i a l l y a l i gned m u l t i s e r i a t e rays . 
D- Dormant cambium showing t»eaded r a d i a l wa l l s and 
pseudotransverse d i v i s i o n (un labe l l ed arrows) in 
fus i f o rm i n i t i a l . 
» . 1 
p l a t e 
PLATE IV : Photomicrographs of cambial s t r i p s (Tannic 
acid - F e r r i c ch l o r i de preparat ions ) ot F, r e l i q i o s a in 
t angen t i a l v iew at 250 x . 
A- Dormant cambi-um showing d i s t i n c t beaded r a d i a l 
wa l l s and t ransverse segmentation in fus i f o rm 
i n i t i a l (un labe l l ed arrow) . 
B- Dormant cambiiJin showing d i s t i n c t beaded r a d i a l 
wal ls/ a l a t e r a l l y cut lens shaped ray i n i t i a l 
(un labe l l ed arrow)/ conversion of fus i f o rm 
i n i t i a l i n t o ray i n i t i a l by t ransverse segmenta-
t i on (un labe l l ed arrows) and s p l i t t i n g of ray by 
the conversion of a pa i r o f ray i n i t i a l s i n t o 
fus i f o rm i n i t i a l s (un labe l l ed arrow) . 
C&D- Dormant cambixam showing beaded r a d i a l wa l l s , 
m u l t i s e r i a t e rays and pseudotransverse wal l f o r -
mations (un labe l l ed arrows ) . 
PLATE IV 
PLATE V I Photomicrographs of cambial s t r i p s (Tannic 
ac id - Fe r r i c c h l o r i d e preparat ions ) in t angent i a l view 
at 250 X . 
A- A c t i v e cambium of F, i n f e c t o r i a showing s p l i t t i n g 
of ray i n i t i a l s by the penetrat ion of fus i f o rm 
i n i t i a l s (un labe l l ed arrows) , 
B- Dormant cambium of F. r e l i q i o s a showing s p l i t t i n g 
of rays by the conversion of in te rven ing ray 
i n i t i a l s i n t o fus i f o rm i n i t i a l s (un labe l l ed arrow) 
C- Cambial sample of F. i n f e c t o r i a showing forma~ 
t i on of a ray by t ransverse segmentation (unla-
b e l l e d arrow) in fus i f o rm i n i t i a l . 
D - A c t i v e cambium of F. r e l i q i o s a showing fus ion of 
two r a d i a l l y a l i gned ray i n i t i a l s (un labe l l ed 
arrow) and s p l i t t i n g of rays (un labe l l ed arrow) . 
PLATE V 
PLATE VI : Photomicrographs of cambial s t r i p s (Tannic 
ac id - Fe r r i c c h l o r i d e preparat ions ) of F. i n f e c t o r i a 
in t angen t i a l v iew at 400 x . 
A- Dormant cambium showing th i ck beaded r a d i a l wa l l s 
of fus i f o rm i n i t i a l s and a t a i l e d nucleus (unla-
b e l l e d arrow) , 
B- A c t i v e cambixim showing spherical/ e longated, 
t a i l e d and nec ro t i c nuc le i (un labe l l ed arrows) . 
C&D- A c t i v e cambium showing spher i ca l , son i - spher i ca l 
and nec ro t i c nuc le i (un labe l l ed arrows ) . 
PLATE V I 
PLATE V I I : Photomicrographs of cambial s t r i p s (Tannic 
ac id - F e r r i c ch l o r i d e preparat ions ) of F. r e l i g i o s a in 
t angen t i a l view at 400 x . 
A- Dormant cambium showing th i ck beaded r ad i a l wa l l s 
o l fus i f o rm i n i t i a l s . 
B- Cambial sample showing nec ro t i c nucleus (unla-
b e l ICed arrow) , 
C&D- Dormant cambium showing th ick beaded r ad i a l wa l l s 
and spher i ca l , elongated/ t a i l e d and nec ro t i c 
nuc l e i (un labe l l ed arrows ) . 

PLATE V I I I : Photomicrographs of wood samples of F. 
I n f e c t o r i a in tangent ia l view (Haematoxylin - Bismark 
brown p r epa ra t i ons ) . 
A- 'Wood sample showing xylem rays with l a t e x tubes 
(LT)^ a x i a l parenchyma (AP) and septate f i b r e s 
(Fb) at 250 X . 
B- Wood sample showing uni/ b i , t r i and m u l t i s e r i a t e 
rays (R) at 250 x . 
C- Wood sample showing a chain of v esse l e lenents 
(V) and f i b r e s (Fb) at 100 x . 
D~ Vessel (V) showing overcrowded p i t s with narrow 
borders , ax ia l parenchyma (AP) and ray (R) at 
400 X . 
PLATE VIII 
PLATE IX : Photomicrographs of wood samples of F, r e l i -
g i o sa in t angent i a l v iew (Haematoxylin - Bismark brown 
prepara t i ons ) • 
A&B- Wood sample showing m u l t i s e r i a t e rays with l a t e x 
tubes ( LT ) , septate f i b r e s (Fb) and ax i a l paren-
chyma (AP) at 250 x . 
C- Wood sample showing uni to m u l t i s e r i a t e xylem rays 
(R) and septate f i b r e s (Fb) at 100 x . 
D- Vessel ( v ) showing overcrowded bordered p i t s at 
400 X . 
PLATE IX 
PLATE X : Photomicrographs of wood samples of F. I n f e c -
t o r i a (Haematoxylin - Bismark brown prepara t i ons ) . 
A- A t ransect ion showing s o l i t a r y as we l l as r ad i a l 
mu l t i p l e pores (V ) , rays (R) and a l t e rna t e bands 
o f ax ia l parenchyma (AP) and f i b r e s (Fb) at 
100 X . 
B- A vesse l member showing sca la r i f o rm p i t t i n g at 
400 X . 
C- A t ransect ion showing young t y l o s e s ( T ) , ax ia l 
parenchyma (AP) , rays (R) and f i b r e s (Fb) at 400 x, 
D- A tangent ia l l ong i tud ina l view of wood sample 
showing a vesse l (V) f i l l e d with t y l o s e s ( T ) , 
rays (R) and ajcial parenchyma (Ap) at 400 it. 
• r < 
PLATE X 
PLATE XI : Photomicrographs of wood samples of F. r e l l -
q l osa (Haematoxylin Bismark brown p repara t i ons ) . 
A- A t ransect ion showing s o l i t a r y as we l l as r a d i a l 
mu l t i p l e pores (V ) , rays (R) and a l t e rna t e bands 
o f ax i a l parenchyma (AP) and f i b r e s (Pb) at 100 x . 
B&C- A t ransec t ion of wood samples showing r ad i a l 
mu l t i p l e pores (V ) , rays (R)/ f i b r e s (Fb) and 
ax i a l parenchyma (AP) at 250 x. 
D- A t ransect ion showing a c lu s t e r of pores (V ) , f i b r e s 
(Fb) and ax ia l parenchyma (Ap) at 400 x . 
PLATE XI 
PLATE X I I : Photomicrographs of wood samples of F, 
r e l l q i o s a (Haematoxylin - Bismark brown p repara t i ons ) . 
A- A t ransec t i on showing s o l i t a r y as we l l as r ad i a l 
mu l t i p l e pores (V ) , rays (R ) , and a l t e rna t e bands 
o f f i b r e s (Fb) and ax ia l parenchyma (AP) at 100 x . 
B- A t ransec t i on showing r ad i a l mu l t i p l e pores at 
400 X . 
C- A t ransec t ion showing paratrachae l f i b r e s (Fb) and 
v e s s e l s (V) at 400 x . 
D&E- A t ransect ion showing vesse l s (V) without t y l o s e s 
and complete ly f i l l e d with t y l o s e s (T) at 
400 X . 
PLATE X11 
PLATE X I I I : Photomicrographs of wood samples in r a d i a l 
l ong i tud ina l plane (Haematoxylin - Bismark brown 
p r epa ra t i ons ) . 
A&B- Showing homocel lular rays (R)/ group of f i b r e s 
(Pb)/ v esse l s (V) and a:>cial parenchyma (AP) in 
i n f e c t o r i a at 100 x , 
C- Showing homocel lular rays (R)^ group of f i b r e s 
(Fb) and ax i a l parenchyma (AP) in F, r e l i g i o s a 
at 100 X . 
D- Same at 400 x . 
p l a t e x i i i 
PLATE XIV : Photomicrographs of bark samples (Haema-
t o x y l i n - Bismark brown preparat ions ) in t ransec t i ona l 
> 
v i ew. 
A- Transect ion of outer bark showing we l l developed 
periderm (PER) in P. i n f e c t o r i a at 100 x . 
B- Same at 250 x . 
C- Transect ion of outer bark showing periderro (PER) 
in P. r e l i q i o s a at 100 x . 
D- Same at 250 x . 
PLATE XIV 
PLATE XV : Photomicrographs of bark samples of F. 
I n f e c t o r i s showing ph lo i c components in t ransec t i ona l 
v iew (Lacmoid p r epara t i ons ) . 
A- Conducting phloem showing s i e ve tubes (ST) , 
companion c e l l s (CC) and rays (R) at 250 x . 
B- Same at 400 x . 
C- Sect ion showing t ransverse s i e v e p l a t e s (SP) in 
sur face v iew, rays (R) and ax ia l parenchyma (AP) 
at 250 X , 
D- Showing simple s i e v e p l a t e (SP ) , f i b r e (Pb ) , ax i a l 
parenchyma (AP) and o b l i t e r a t e d s i e v e tube with 
c a l l o s e (CAL) pads at 400 x . 
PLATE X 
PLATE XVI t Photomicrographs of bark samples of F. 
r e l l q l o s a showing ph lo i c components in t ransac t i ona l 
v iew (Lacmoid p r epa ra t i ons ) . 
A- Conducting phloem showing s i e v e tubes (ST) , s i e v e 
p l a t e (SP) , companion c e l l s (CC), ray parenchyma 
(RP) and ax ia l parenchyma (AP) at 250 x . 
B- Conducting phloem showing s i e ve tubes (ST) and 
companion c e l l s (CG) at 400 x , 
C- Showing nonfunct ional s i e v e tubes (ST) with c a l l o s e 
pads (un labe l l ed arrows) , deformed companion c e l l s • 
(CC) and ray parenchyma (RP) at 400 x . 
D- Showing simple s i e v e p l a t e (SP ) , o b l i t e r a t e d s i e v e 
elements (un labe l l ed arrow) , companion c e l l s (CC) 
and f i b r e (Fb) at 400 x . 
PLATE XVI 
PLATE XVII 
PLATE XVII : Photomicrographs of bark samples of P. 
i n f e c t o r l a showing ph lo i c components in tangent ia l v iew 
(Lacmoid p repara t i ons ) . 
A- Showing arrangement of s i eve - tubes (ST ) , ax ia l 
parenchyma (AP) and rays (R) with l a t e x tubes (LT) 
at 250 X . 
B&C- Showing s i e ve tubes (ST) with prominent l a t e r a l 
s i e v e areas (SA) , s i e v e p l a t e s (SP) on the end wa l l s 
and rays (R) with labex tubes (LT) at 250 x , 
D- S ieve tube showing l a t e r a l s i e v e areas (SA), a row 
of companion c e l l s (CC) and ax ia l parenchyma (AP) 
at 400 X . 
PLATE XV I I I I Photomicrographs of bark samples of F. 
r e l l q l o s a showing ph lo i c components in t angent i a l v iew 
(Lacmoid p repara t i ons ) , 
A&B- Showing s i eve tubes (ST) with l a t e r a l s i e v e areas 
(SA) and pads of d e f i n i t i v e c a l l o s e (CAL) on the 
end wa l l s and rays (R) at 250 x . 
C- Showing s i e ve tubes (ST) with l a t e r a l s i e v e areas, 
s l ime plug (SP) , rays (R) and ax i a l parenchyma 
(AP) at 250 X . 
D- S ieve tubes showing l a t e r a l s i e v e areas (SA) 
along with companion c e l l s (CC) at 400 x . 
PLATE XVIII 
PLATE XIX : Photomicrographs of bark samples of F. 
I n f e c t o r i a showing nonconducting phloem in t angen t i a l 
v iew (Haematoxylin - Safranin preparat ions ) at 100 x . 
A to D- Non-conducting phloem showing rays (R) o£ 
d i f f e r e n t he ight and width and d i l a t e d rays 
(DR). 
PLATE X I X 
PLATE XX : Photomicrographs of bark samples of F. 
r e l l q l o s a showing nonconducting phloem in tangent ia l 
v iew (Haematoxylin - Safranin p r epa ra t i ons ) . 
A- Non-conducting phloem showing m u l t i s e r i a t e rays 
(R) at 250 X . 
BfeD- Non-conducting phloem showing d i l a t e d (DR) and 
und i la ted rays (R) at 100 x . 
PLATE X 
PLATE XXI : Photomicrographs of bark samples showing 
nonconducting phloem in t ransec t i ona l view (Haomatoxy-
l i n - Safranin prepara t ions ) at 250 x . 
A&B- Non-conducting phloem of F, i n f e c t o r i a showing 
rays (R ) , ax ia l parenchyma (AP) , f i b r e s (Fb) in 
small f a s c i c l e s and o b l i t e r a t e d s i e v e elements 
(un labe l l ed arrows) . 
C&D- Non-conducting phloem of F, r e l i g i o s a showing 
rays (R ) , ax ia l parenchyma (AP) , f i b r e s (Fb) in 
small f a s c i c l e s and o b l i t e r a t e d s i e ve elements 
(un labe l l ed arrows) . 
PLATE XX I 
PLATE XXII : Photomicrographs of bark samples in r a d i a l 
l ong i tud ina l plane (Haematoxylin - Bismark brown 
p r epa ra t i ons ) . 
A&cB- Showing homocel lular rays (R) / f i b r e s (Fb) and 
ax i a l parenchyma (AP) in F, i n f e c t o r i a at 250 x. 
C- Showing homocel lular rays (R) and ax ia l 
parenchyma (AP) in F, r e l i g i o s a at 100 x. 
D- Same at 250 x . 
PLATE X X I I 
'PLATE XXI I I : Photomicrographs of F. i n f e c t o r i a in 
t ransec t i ona l view showing cambial zone with vascular 
d e r i v a t i v e s (Lacmoid p r epara t i ons ) . 
A- A c o l l e c t i o n of June showing dormant cambi-um 
with o l d xylem (OX) below and o l d phloem (OP) 
above at 250 x , 
B- Cambial zone (CZ) of mid July c o l l e c t i o n showing 
swollen cambial i n i t i a l s at 400 x . 
C- A broad cambial zone (CZ) with o ld phloem (OP) 
above and new xylem (i^x) below ( e a r l y August 
c o l l e c t i o n ) at 250 x . 
D- A l a t e August c o l l e c t i o n showing a broad cambial 
zone (CZ) with new xylem (NX) at 250 x . 
: V :i ' 
PLATE X X I I I 
PLATE XXIV : Photomicrographs of F, i n f e c t o r i a in 
t r ansec t i ona l v iew showing cambial zone with vascular 
d e r i v a t i v e s (Lacmoid preparat ions ) at 250 x . 
A&B- A l a t e September c o l l e c t i o n s showing d i f f e r e n t i a -
t i on of vesse l (NX) and o ld phloem (OP). 
C&D- Showing production of new phloem (NP) during 
ea r l y November. 
PLATE XXIV 
PLATE XXV : Photomicrographs of F, r e l i q l o s a in 
t ransac t i ona l view showing cambial zone with vascular 
d e r i v a t i v e s (Lacmoid p r epara t i ons ) . 
ASiB- Showing dormant cambium (CZ) with o l d xylem 
(OX) below and o ld phloan (OP) above (a July 
c o l l e c t i o n ) at 250 x . 
C- An August c o l l e c t i o n showing swe l l ing in the 
cambial i n i t i a l s at 400 x . 
D- A mid-August c o l l e c t i o n showing o ld phloem 
(OP) above and o l d xylem (OX) below at 250 x. 
PLATE XXV 
PLATE XXVI : Photomicrographs of F. r e l i g i o s a in 
t r ansec t i ona l view showing cambial zone with vascular 
d e r i v a t i v e s (Lacmoid preparat ion ) at 250 x . 
A- A mid-August c o l l e c t i o n showing a dormant cambium 
(CZ) with o ld xylem (OX) below and o ld phloem 
(OP) above. 
B- A l a t e August c o l l e c t i o n showing a broad zone of 
a c t i v e cambium (CZ) wi th the production of new 
xylem (NX) der ivat ive ;S. 
C&D- Showing a c t i v e cambial zone and simultaneous 
production of new xylem (NX) and phloem (NP) in 
the October and November c o l l e c t i o n s . 
PLATE XXV I 
